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POTASSIUM CORROSION TEST LOOP DEVELOPMENT 
I INTRODUCTION 
T h i s  r e p o r t  covers  t h e  per iod,  from J u l y  15, 1964 t o  August 15, 
1964, of a program t o  develop a pro to type  co r ros ion  tes t  loop f o r  t h e  
e v l u a t i o n  of r e f r a c t o r y  a l l o y s  i n  b o i l i n g  and condensing potassium 
environments which s imula te  pro jec ted  space e l e c t r i c  power systems,. 
The envis ioned pro to type  tes t  c o n s i s t s  of a two-loop Cb-1Zr f a c i l i t y ;  
sodium w i l l  be heated by d i r e c t  r e s i s t a n c e  i n  a p r i m a r y  loop and w i l l  
be used i n  a h e a t  exchanger t o  b o i l  potassium i n  t h e  secondary, co r ro -  
s i o n  tes t  loop. Heat r e j e c t i o n  f o r  condensat ion i n  t h e  secondary loop 
w i l l  be  accomplished by r a d i a t i o n  i n  a h igh  vacuum environment. The 
immediate co r ros ion  tes t  design cond i t ions  are shown below; i t  i s  ex- 
pec ted  t h a t  t h e  temperature  could be inc reased  by about 4000F when 
t e s t i n g  i s  extended t o  inc lude  r e f r a c t o r y  a l l o y s  s t rongek than  Cb-1Zr. 
1. Boi l ing  temperature ,  1900°F 
2. Superheat temperature,  2000'F 
3. Condensing temperature,  1350°F 
4. Subcooling temperature,  8OO0F 
5. Mass flow rate ,  20 t o  40 l b / h r  
6. Vapor v e l o c i t y ,  100 t o  150 f t / s e c  
7. Average h e a t  f l u x  i n  t h e  potassium b o i l e r  - 
50,000 t o  100,000 BTU/hr f t 2  
The development program i s  proceeding wi th  t h e  c o n s t r u c t i o n  and 
o p e r a t i o n  of t h r e e  CS-lZr t es t  Inopsj each of which w i l l  be  used i n  a 
sequence of component eva lua t ion  and endurance t e s t i n g .  Loop I ,  a 
u i d  sodium a t  a maximum temperature  of 2260O t o  2380OF t o  eva lua te  
t h e  e lectr ical  power vacuum feedthroughs,  thermocouples,  t h e  method 
of a t t a c h i n g  t h e  e l e c t r o d e s ,  the e l e c t r i c a l  r e s i s t i v i t y  c h a r a c t e r i s -  
t i c s  of t h e  h e a t e r  segment, and t h e  u s e  of thermal  and e l e c t r i c a l  i n -  
s u l a t i o n .  Cons t ruc t ion  of Loop 11, a s ingle-phase ,  f o r c e d - c i r c u l a t i o n  
loop which w i l l  be operated f o r  2,500 hours  wi th  l i q u i d  sodium a t  about  
i n a t u r a l  convect ion loop, has been operated f o r  1,000 hours  w i t h  l i q -  
-1- 
. 
2000'F t o  eva lua te  t h e  primary loop EM pump, a flowmeter,  f low c o n t r o l  
and i s o l a t i o n  va lves ,  and p r e s s u r e  t r ansduce r s ,  has been completed. 
This loop had operated f o r  310 hours  a t  t h e  end of the  c u r r e n t  r e p o r t -  
i n g  pe r iod .  The Pre-prototype Corrosion T e s t  Loop, a two-loop system 
des ign  o f  which has  been completed w i l l  i nc lude  a b o i l e r ,  t u r b i n e  s i m -  
u l a t o r ,  and condenser i n  a d d i t i o n  t b  the above components. This  f a c i l -  
i t y  w i l l  b e  used t o  develop and endurance t es t  (2,500 hours)  t h e  com- 
ponents  r equ i r ed  t o  achieve  s t a b l e  ope ra t ion  a t  t h e  c o r r o s i o n  tes t  
des ign  condi t ions .  
The q u a r t e r l y  r e p o r t s  i s s u e d  f o r  t h i s  program w i l l  summarize t h e  
s t a t u s  of t h e  work wi th  r e s p e c t  t o  des ign  cons ide ra t ions ,  c o n s t r u c t i o n  
procedures ,  and tes t  r e s u l t s .  The t o p i c a l  r e p o r t  on Loop I i s  ex- 
pec ted  t o  b e  r e l eased  i n  February,  1965. De ta i l ed  t o p i c a l  r e p o r t s  w i l l  
a l s o  be i s s u e d  t o  desc r ibe  each t e s t  loop. Addi t iona l  t o p i c a l  r e p o r t s  
w i l l  be  prepared t o  cover  such areas as materials s p e c i f i c a t i o n s ,  p u r i -  
f i c a t i o n  of  potassium and sodium, and i n e r t  gas  p u r i f i c a t i o n  and ana ly-  
sis. 
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I1 PROGRAM STATUS 
1. Component Evalua t ion  T e s t  Loop I 
The t e rmina t ion  and gene ra l  performance o f  t h e  component Evalua t ion  
1 
T e s t  Loop I was repor t ed  i n  t h e  previous p rogres s  r e p o r t  of t h i s  pro-  
gram . A schematic of t h e  loop and t h e  ope ra t ing  cond i t ions  are shown 
i n  F igu re  1. 
During t h e  disassembly of t h e  loop from t h e  t es t  support  s t r u c t u r e ,  
samples  of t h e  2 - m i l  Cb-1Zr f o i l  taken from r e f l e c t i v e  i n s u l a t i o n  from 
a l l  r eg ions  were checked f o r  d u c t i l i t y  and appearance change. A l l  of  
t h e  f o i l  specimens were canparable  i n  d u c t i l i t y  and appearance t o  t h e  
b e f o r e - t e s t  f o i l .  
Fol lowing removal from t h e  t e s t  chamber, t h e  sodium was drained 
from t h e  loop by i n v e r t i n g  i t  and admi t t ing  t h e  sodium t o  a p rev ious ly  
evacuated s t a i n l e s s  s teel  s to rage  con ta ine r .  The loop was heated w i t h  
h e a t i n g  t a p e s  t o  a terriperature of 350'F (maximum) during t h e  d r a i n i n g  
ope ra t ion .  Aluminum f o i l  w a s  used t o  prevent  d i rec t  con tac t  between 
t h e  h e a t i n g  t apes  and t h e  loop. 
The loop was c u t  i n t o  s e c t i o n s  6 t o  8 inches  i n  l eng th  and s t r i p p e d  
of r e s i d p a l  sodium i n  abso lu te  e t h y l  a lcohol .  The s t r i p p i n g  s o l u t i o n  
f o r  each s e c t i o n  of tub ing  was c a r e f u l l y  f i l t e r e d  i n  an e f f o r t  t o  c o l -  
l ec t  any m a s s  t r a n s f e r  c r y s t a l s  which might be  p r e s e n t .  No d e p o s i t s  
were ev iden t  on any of t h e  loop s e c t i o n s  and only  s e v e r a l  very  s m a l l  
m e t a l l i p  p a r t i c l e s  were recovered from t h e  s o l u t i o n s  during f i l t e r i n g .  
These p a r t i c l e s  were examined at  30X and t h e i r  appearance ind ica t ed  
t h a t  t hey  might be mass t r a n s f e r  c r y s t a l s .  
Eighteen meta l lographic  specimens were taken from t h e  loop. Hard- 
n e s s  surveys were performed on four  of t h e  meta l lographic  specimens. 
Seven t u b e  s e c t i o n s  were a l s o  cut from va r ious  r eg ions  of t h e  loop and 
f l a t t e n e d  a t  room temperature  t o  determine t h e  p o s t - t e s t  d u c t i l i t y .  
The bend specimens were a l s o  examined me ta l log raph ica l ly .  Chemical 
ana lyses  were performed on f i v e  specimens t o  determine changes i n  i n t e r -  
s t i t i a l  element concknt ra t ions .  The r e s u l t s  of t h e s e  examinations are 
. . . . . . . . . . . . . . . . . . . . . .  
I Potassium Corrosion T e s t  Loop Development, Quar t e r ly  Progress  
Report  #3, Covering t h e  P e r i o d  January 15, 1964 t o  A p r i l  15,  
1964, NASA Cont rac t  NAS 3-2547, NASA-CR-54081. 
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Figure 1. Component Evaluation Test Loop I. - (0800, 31 March 1964) 
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discussed  b r i e f l y  bel01 and w i l l  b e  covered i n  more d e t ,  il i n  t h e  
t o p i c a l  r e p o r t  on t h i s  t e s t - t o  be r e l e a s e d  i n  February,  1965. 
The phenomenon of s t r a i n  induced g r a i n  growth observed i n  t h e  l o t  
of Cb-1Zr t u b i n  used t o  f a b r i c a t e  Loop I was discussed i n  an ear l ier  
t h e  loop revea led  vary ing  degrees of excess ive  g r a i n  growth i n  a l l  sec-  
t i o n s  of t h e  loop which were bent dur ing  f a b r i c a t i o n  and operated i n  
excess  of 1900°F dur ing  t h e  loop test. 
tub ing  i n  t h e  h o t t e s t  reg ions  (2200°-22600F) of t h e  h e a t e r  c o i l s  i s  
i l l u s t r a t e d  i n  F igure  2. 
d iameters  of approximately 25 m i l s  compared t o  before  t es t  diameters  
of approximately 1 m i l .  This  micrograph r e v e a l s  t h e  s l i g h t l y  i r r e g u l a r  
i n n e r  s u r f a c e  of t h e  tube  w a l l  which was comparable t o  t h e  c o n d i t i o n  of 
t h e  s u r f a c e  before  test .  F igure  3 shows t h e  tube  w a l l  from t h e  h e a t e r  
e x i t  r e g i o n  and e x h i b i t s  t h e  duplex g r a i n  s i z e  found i n  many r eg ions  
o f  t h e  loop which operated i n  t h e  1950O t o  2100°F temperature  range. 
p rog res s  r e p o r t  5 . Metal lographic  examination of t h e  25 specimens from 
The t y p i c a l  appearance of t h e  
I n  these  r eg ions  many of t h e  g r a i n s  had 
The c o l d e s t  p o r t i o n  of t h e  loop was i n  t h e  h e a t e r  i n l e t  reg ion  
(1350OF) and t h e  metal lographic  appearance of t h i s  r eg ion  i s  shown i n  
F igu re  4. The s l i g h t l y  darker  band near  t h e  I D  s u r f a c e  was confirmed 
by r epea ted  p o l i s h i n g  and etching and i s  due t o  t h e  presence  of a very 
f i n e  p r e c i p i t a t e  i n  t h i s  region.  Chemical a n a l y s i s  ( T a b l e  I) of t h e  
t o t a l  c r o s s  s e c t i o n  of t h e  tube  wall i n  t h i s  l o c a t i o n  (Region H) d i d  
no t  reveal any marked s h i f t  i n  t h e  oxygen and n i t rogen  concen t r a t ion ;  
however, t h e  carbon concent ra t ion  was s l i g h t l y  h igher  t han  i n  t h e  be- 
f o r e  test m a t e r i a l  and t h e  hydrogen con ten t  w a s  s u b s t a n t i a l l y  g r e a t e r .  
R e s u l t s  of a hardness  survey i n  t h i s  darkened area i n  F igu re  4 re- 
vea led  a Knoop hardness  of 115 (average) as compared t o  95 (average) 
i n  t h e  same zone of o t h e r  tube  sec t ions .  
The p o s t - t e s t  d u c t i l i t y  of  1/2-inch long tube  s e c t i o n s  taken  from 
e i g h t  r eg ions  of t h e  loop was checked by f l a t t e n i n g  t h e  tubes  us ing  a 
s t r i p  of 0.060-inch t h i c k  shee t  as an i n t e r n a l  support .  F ive  of t h e  
specimens were found t o  be quite d c c t i l e ,  but d u p l i c a t e  specimens taken  
from Region 0 (F igure  1) and one specimen from Region A cracked i n  an 
extremely b r i t t l e  and t ransgranular  fash ion .  A l l  of t h e  bend speci-  
mens were examined meta l lographica l ly  and c r o s s  s e c t i o n s  of t h r e e  of 
Potassium Corrosion T e s t  Loop Development , Quar t e r ly  Progress  
Report #3, Covering t h e  P e r i o d  January 15, 1964 t o  A p r i l  15,  
1964, NASA Cont rac t  NAS 3-2547, NASA-CR-54081, pp 40-48. 
2 
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Figure 2. Micrograph of a Cross Sec t ion  of Loop I Tubing from t h e  
Middle of t h e  Top Heater Co i l  (Region M i n  Figure 1). 
Etchant: 60%Glycerine-20%HF-2O%HN03 Mag. 75X (K4192) 
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Figure 3. Micrograph of a Cross Section of Loop I Tubing from the 
Heater Exit (Region 0 i n  Figure 1). 
Etchant: 60%Glycerine-20%HF-20%”03 Mag. 75X (K3832) 
-7 -  
Figure  4 .  Micrograph of a Cross Sec t ion  of Loop I Tubing from t h e  
Cold Return Line Below Bottom Heater C o i l  (Region H i n  
Figure 1). 
Etchant : 60%Glycerine-20%HF-2O%HN03 Mag. 75X (K3829) 
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TABLE I 
CHEMICAL ANALYSES OF VARIOUS Cb-1Zr TUBE 
SPECIMENS FROM COMPONENT EVALUATION LOOP I 
Specimen Desc r ip t ion  
Concent ra t ion ,  pp m 
C - H - N - 0 - 
Region A* 
Outer  2 1  M i l s * *  310 11 50 - 
Middle 2 1  M i l s  1 7 1  5 79 - 
I n n e r  21 M i l s  199 5 62 - 
Region H 
T o t a l  Cross  S e c t i o n  190 3 37 40 50 
Region M 
T o t a l  Cross  S e c t i o n  69 3 1 3  - 
Region 0 
T o t a l  Cross  Sec t ion  194 , 216 14,16 173,174 - 
20 30 114,136 L 9  134 Before Test (MCN 404) 
9c Locat ion Given i n  F igu re  1. 
** Outer Surface G r i t  B la s t ed  w i t h  Alumina 
P r i o r  t o  Tes t .  
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t h e s e  are shown i n  F igu re  5. These specimens have been heav i ly  e tched  
t o  show t h e  g ra in  s t r u c t u r e .  F igu re  5(a)  i s  t h e  f i n e  grained specimen 
from t h e  coo le s t  p a r t  of t h e  loop. The dark band near  t h e  inne r  s u r -  
f a c e  i s  t h e  same reg ion  as t h a t  shown a t  h igher  magni f ica t ion  i n  F igure  
4. No cracks  were de t ec t ed  i n  t h i s  specimen. F igu re  5(b) shows t h e  
specimens from nea r  t h e  top of t h e  h e a t e r  c o i l .  Th i s  reg ion  was bent 
i n  forming t h e  heater c o i l  and operated 2200°F dur ing  t h e  t es t .  A l l  
t h e  g r a i n s  i n  t h i s  specimen were of t h e  o rde r  of 15-25 m i l s  i n  diameter.  
No c racks  were observed. The specimens taken  from t h e  h e a t e r  e x i t  
a r e a  (Region 0) were b r i t t l e  as shown i n  F igure  5 ( c ) .  
i s  shown a t  higher magni f ica t ion  i n  F igure  6. The hydrogen concentra-  
t i o n  of t h i s  region w a s  q u i t e  high and i s  d iscussed  i n  more d e t a i l  be-  
low. 
i n t r a g r a n u l a r  segrega t ion  of hydrogen which might normally b e  concen- 
t r a t e d  i n  t h e  g ra in  boundaries of f i ne -g ra ined  m a t e r i a l .  No d a t a  were 
sought  o r  obtained t o  support  t h i s  hypothesis .  
a l though t h e  f r a c t u r e  d id  propagate  through t h e  f ine -g ra ined  reg ion  near  
t h e  o u t e r  su r f ace  of t h e  su r face ,  t h e r e  w a s  evidence of some s t r a i n  i n  
t h i s  region.  These r e s u l t s  demonstrate  t h e  importance of t e s t i n g  d i f -  
f e r e n t  h e a t s  of Cb-1Zr  and o t h e r  r e f r a c t o r y  a l l o y s  t o  determine t h e  
s u s c e p t i b i l i t y  t o  and r e s u l t a n t  e f f e c t s  of s t r a i n  induced g r a i n  growth. 
Th i s  f r a c t u r e  
The b r i t t l e  t r a n s g r a n u l a r  f r a c t u r e  may p o s s i b l y  b e  due  t o  an 
It  may b e  noted t h a t  
The chemical r e s u l t s  obtained on specimens from s e v e r a l  reg ions  of 
t h e  loop are given i n  T a b l e  I. The oxygen ana lyses  l i s t e d  show l i t t l e  
i f  any pickup from t h e  t e s t  chamber environment. The r e l a t i v e l y  h igh  
oxygen concent ra t ion  of t h e  ou te r  layer of Region A i s  a t t r i b u t e d  t o  
t h e  alumina g r i t  b l a s t i n g  of t h e  su r face  of t h e  tube  t o  r a i s e  t h e  emit-  
t ance .  Prel iminary r e s u l t s  of an alumina g r i t  b l a s t i n g  experiment on 
C b - 1 Z r  shee t  i n d i c a t e  t h a t  an oxygen i n c r e a s e  of s e v e r a l  hundred ppm 
can be  expected i n  tub ing  wi th  w a l l  t h i ckness  of 0.065-inch. The 
oxygen i s  i n  t h e  form of imbedded A1203 p a r t i c l e s  on t h e  su r face .  There 
i s  t h e  p o s s i b i l i t y  of t h e  A1203 r e a c t i n g  wi th  C b - 1 Z r  a t  e l eva ted  temper-  
a t u r e s  but t h e r e  was no evidence of such a r e a c t i o n  between t h e  A 1 2 0 3  
thermocouple i n s u l a t i o n  and t h e  Cb-1Zr t ub ing  i n  Loop I a t  temperatures  
up t o  2250OF. The r e l a t i v e l y  low oxygen concen t r a t ions  of t h e  spec i -  
mens from t h e  upper h e a t e r  c o i l  (Region M) sugges ts  a p o s s i b l e  leaching  
of oxygen from t h i s  ho t  region.  Addi t iona l  w a l l  g r a d i e n t  ana lyses  
would be requi red  t o  confirm t h i s .  
No i n c r e a s e  o r  migra t ion  of n i t rogen  i n  t h e  v a r i o u s  specimens was 
i n d i c a t e d  by t h e  ana lyses .  A s  mentioned above when d i scuss ing  t h e  re- 
s u l t s  of metal lographic  examination, t h e  specimen from t h e  c o l d e s t  sec-  
t i o n  of t h e  Loop (Region H) showed evidence of a f i n e  p r e c i p i t a t e  near  
t h e  inne r  su r face  and t h i s  may p o s s i b l y  b e  a s s o c i a t e d  w i t h  t h e  s l i g h t l y  
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Figure  5. Micrographs of 0.375-Inch OD x 0.065-Inch Wall Cb-1Zr 
Tubing from Loop I. Specimens were Fla t tened  a t  Room 
Temperature Following Test. Specimen Locations Given 
i n  Figure 1. 
a) Heater I n l e t ,  1350°F (Region H) Mag. 1OX (C64090209) 
b) Heater Co i l ,  2200°F (Region N) Mag. 1OX (C64090210) 
c) Heater Exit, 1985OF (Iiegim 0) Mag. 10X (C54081402) 
Etchant:  60%Glycerine-20%HF-20%HNO~ 
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Figure 6 .  Micrograph of a Cross Sec t ion  of t h e  Loop I Tube Wall 
from Heater Exi t  (Region 0 i n  Figure 1). 




















n h i g h e r  'carbon concen t r a t ion  of t h e  specimen from t h i s  r eg ion  compared t o  the be fo re  t es t  a n a l y s i s .  Such a conclus ion ,  however, i s  n o t  
s t r o n g l y  supported by the l i m i t e d  carbon ana lyses  which were obtained.  
The hydrogen concen t r a t ion  of the specimens from t h e  loop are 
much h ighe r  t h a n  would be expected. I t  has  been suggested by o t h e r  
i n v e s t i g a t o r s  t ha t  hydrogen pickup by columbium a l l o y s  can  occur  dur-  
i n g  t h e  removal of r e s i d u a l  a lka l i  metal from tub ing  when e t h y l  a l co -  
ho l  i s  used  as the  so lven t .  A n  a n a l y s i s  was performed on a t u b e  s p e c i -  
men from t h e  top  h e a t e r  (Region M ) .  Th i s  s e c t i o n  of t h e  loop r e q u i r e d  
several days of soaking i n  a lcohol  and a l c o h o l  p l u s  water s o l u t i o n s  t o  
remove a cons ide rab le  q u a n t i t y  of sodium which remained i n  the c o i l  
a f te r  d r a i n i n g  t h e  loop. The hydrogen a n a l y s i s  o f  t h i s  s e c t i o n  w a s  
found t o  be 13 ppm as i n d i c a t e d  i n  Table  I. Specimens from t h e  h e a t e r  
i n l e t  area (Region H) and t h e  h e a t e r  e x i t  area (Regions A and 0) were 
p r a c t i c a l l y  free of sodium when t h e  loop was sec t ioned  and were com- 
p l e t e l y  r e a c t e d  a f te r  several minutes i n  t h e  a l c o h o l  s o l u t i o n .  These 
samples had the cons ide rab le  h igher  hydrogen concen t r a t ions  than  t h e  
specimen from the h e a t e r  c o i l  descr ibed above. I n  summary, t h e  sou rce  
o f  hydrogen and the v a r i a t i o n s  found i n  v a r i o u s  r e g i o n s  of  the loop i s  
n o t  understood a t  t h e  p r e s e n t  t i m e .  Seve ra l  a d d i t i o n a l  ana lyses  w i l l  
3 be performed t o  determine i f  t h e  hydrogen c o n c e n t r a t i o n  Is  r e l a t e d  t o  t h e  b r i t t l e  behavior of t h e  specimens from Region 0. 
have s t a t e d  t h a t  "hydrogen concen t r a t ions  i n  excess of  500 ppm s e r i o u s l y  
e m b r i t t l e  columbium a t  room temperature" but no d a t a  have been l o c a t e d  
r e g a r d i n g  t h e  effect  of  hydrogen concen t r a t ion  on the embri t t lement  of 
Cb-1Zr. 
t h e  loop showed t h a t  the e n t i r e  w a l l  had a Knoop hardness  which v a r i e d  
between 88 and 100, which i s  comparable t o  the hardness  (97)  of the 
r e c r y s t a l l i z e d  tub ing  p r i o r  t o  tes t .  
McCoy and Douglas 
A hardness  survey on t h e  t u b e  w a l l  i n  t h e  b r i t t l e  r eg ion  of 
2. Loop I1 F a b r i c a t i o n  
The f a b r i c a t i o n  of Loop I1 was completed dur ing  t h i s  r e p o r t  pe r iod .  
S e v e r a l  components, such as the EM pump d u c t ,  s t r e s s e d  diaphragm p r e s -  
s u r e  t r ansduce r  and s l a c k  diaphragm p r e s s u r e  t r ansduce r  , were a l s o  
completed and assembled on t h e  loop. 
McCoy, H. E. and Douglas, D. A.  , "Effect  of Various Gaseous Con- 
taminants  on t h e  S t r eng th  and Formabi l i ty  of Columbium," Columbium 
Meta l lurgy ,  I n t e r s c i e n c e  Pub l i she r s ,  New York, 1961, p 112.  
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The f a b r i c a t i o n  o f  the EM pump duc t  p re sen ted  some d i f f i c u l t y  when 
the  f i r s t  a t t e m p t  t o  produce t h e  i n t e r f e r e n c e  f i t  between t h e  f inned  
d u c t  and o u t e r  duct  was unsuccessfu l .  
i n g  of  t h e  ou te r  duc t  t o  1200°F i n  h igh -pur i ty  helium. A f t e r  temper- 
a t u r e  s t a b i l i z a t i o n ,  t h e  coo l  f inned  duc t  was i n s e r t e d ,  u s i n g  a "vee" 
f i x t u r e  f o r  alignment.  Although t h i s  procedure was success fu l  i n  p r e -  
v i o u s  i n s t a n c e s ,  i n  t h i s  case s e i z i n g  of  t h e  f inned  duc t  occurred a t  
approximately t h e  mid-point of  the  o u t e r  duct .  
The procedure used involved heat- 
Subsequently,  t h e  o u t e r  duc t  was c u t  o f f  a t  t h e  end of  t h e  i n t e r -  
f e r e n c e  f i t ,  re-machined f o r  weld p r e p a r a t i o n ,  and a second i n t e r f e r -  
ence  f i t  a t tempted from t h e  o t h e r  end of t h e  f inned  duc t .  For t h i s  
i n t e r f e r e n c e  f i t ,  t h e  one-half  l e n g t h  of t h e  o u t e r  duc t  was hea ted  t o  
500°F i n  a i r  while t h e  f inned  duc t  was immersed i n  l i q u i d  n i t rogen .  
No d i f f i c u l t y  was encountered i n  producing the  i n t e r f e r e n c e  f i t  u s i n g  
t h i s  procedure.  
One a d d i t i o n a l  c i r c u m f e r e n t i a l  weld a t  t he  mid-point of  t h e  EM pump 
duct  w a s  t hen  requi red .  S ince  t h i s  weld w a s  i n  con tac t  w i t h  t h e  f inned  
d u c t ,  s p e c i a l  p recaut ions  were taken  t o  avoid  any blockage i n  t h e  a l k a l i  
m e t a l  flow channel. The r o o t  weld p a s s  was radiographed e x t e n s i v e l y  
w i t h  no i n d i c a t i o n  of excessive weld drop-through. An a i r  flow p r e s -  
s u r e  drop t e s t  was then  made which i n d i c a t e d  s a t i s f a c t o r y  performance. 
This  t es t  was repea ted  a f t e r  t h e  f i n a l  weld passes  and t h e  r e s u l t s  o f  
t h i s  t e s t  showed an i n s i g n i f i c a n t  ( l e s s  t h a n  3%) i n c r e a s e  i n  t h e  over -  
a l l  p r e s s u r e  drop. 
The s t r e s s e d  diaphragm t ransducer  has an 0.015-inch t h i c k  T - 1 1 1  
a l l o y  (Ta-8W-2Hf) diaphragm f o r  p r e s s u r e  sens ing .  This  diaphragm i s  
welded t o  a T - 1 1 1  a l l o y  housing which i s ,  i n  t u r n ,  welded t o  a Cb-1Zr 
a l l o y  body and process  tube .  A T - 1 1 1  a l l o y  probe mount i s  welded t o  
t h e  c e n t e r  of  t h e  diaphragm. The magnetic probe assembly i s  t h e n  
brazed t o  t h e  probe mount t o  complete the assembly. 
Two sets o f  hardware were processed t o  develop the  e l e c t r o n  beam 
welding technique r equ i r ed  f o r  t h i s  assembly. The e l e c t r o n  beam welds 
f o r  t h e  diaphragm assembly were produced wi thou t  d i f f i c u l t y .  However, 
t h e  j o i n t  between the T - 1 1 1  a l l o y  housing and the Cb-1Zr a l l o y  r e s u l t e d  
i n  c racking  o f  t h e  T - 1 1 1  a l l o y .  This  c rack ing  was a t t r i b u t e d  t o  t h e  
h i g h l y  l o c a l i z e d  hea t  i npu t  of t h e  e l e c t r o n  beam i n  combination w i t h  
a s l i g h t  j o i n t  gap in t roduced  by metal removal du r ing  the p i c k l i n g  
ope ra t ion .  
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To e l i m i n a t e  t h i s  problem, the  t u n g s t e n - i n e r t  gas  welding p rocess  
w a s  used t o  produce t h i s  j o i n t  on t h e  second set of hardware. A s  an  
added p r e c a u t i o n ,  an  e l e c t r o n  beam weld w a s  made between these compon- 
e n t s  on t h e  o u t s i d e  d iameter ,  thus  e f f e c t i n g  a double  seal between t h e  
T - 1 1 1  and t h e  Cb-1Zr a l l o y  components. 
The e l e c t r o n  beam w e l d s  between t h e  T - 1 1 1  a l l o y  probe mount and 
diaphragm, and between t h e  diaphragm t o  housing were r epea ted  on t h e  
second set  of  hardware wi thout  d i f f i c u l t y .  The chemical ana lyses  o f  
weld metal specimens obta ined  before  and a f t e r  each e l e c t r o n  beam weld 
sequence are r e p o r t e d  i n  Table  I1 p e r  s p e c i f i c a t i o n  SPPS-14. 
The f i n a l  f a b r i c a t i o n  s t e p  was t h e  b raz ing  of the magnetic probe  
assembly t o  t h e  probe mount. The c o n f i g u r a t i o n  was a socket  j o i n t  i n  
which an  0.015-inch d i a m e t e r  s t a i n l e s s  s t e e l w h f r o m  t h e  magnetic 
probe  was i n s e r t e d  i n t o  a s u i t a b l e  h o l e  i n  t h e  T - 1 1 1  a l l o y  probe mount. 
Brazing w a s  accomplished us ing  l o c a l i z e d  h e a t i n g  w i t h  a g r a p h i t e - t i p p e d ,  
h e a t e r  probe  under h i g h - p u r i t y  helium i n  t h e  welding chamber. 
b raz ing  a l l o y  s e l e c t e d  was Premabraz-615 (61.5Ag-24Cu-14.5In). T h i s  
a l l o y  w a s  a p p l i e d  t o  t h e  j o i n t  manually i n  wire form. The completed 
assembly w a s  mass spectrometer  leak  t e s t e d  s u c c e s s f u l l y  and submit ted 
t o  i n s t r u m e n t a t i o n  f o r  room temperature  c a l i b r a t i o n .  I n  t h e  f i l t u re ,  
the  probe  w i r e  w i l l  be j o i n e d  t o  the diaphragm mount by e l e c t r o n  beam 
weld ing ,  r a t h e r  t han  braz ing ,  t o  i n c r e a s e  t h e  tempera ture  c a p a b i l i t y  
of t h i s  j o i n t ,  
The 
The assembly of Loop 11 proceeded i n  t h e  fo l lowing  sequence: 1) 
t h e  h e a t e r  c o i l  sub-assembly, F igure  7 ,  which inc luded  t h e  h e a t e r  c o i l  
p o r t i o n  of  t h e  loop p l u s  t h e  s e c t i o n  con ta in ing  t h e  meter ing  v a l v e  was 
f a b r i c a t e d ,  2) t h e  su rge  t a n k  sub-assembly which inc luded  t h e  d r a i n /  
f i l l . v a l v e  and t h e  i s o l a t i o n  va lve  was f a b r i c a t e d ,  3) t h e s e  sub-assem- 
b l i e s  were post-weld h e a t  t r e a t e d  a t  t h e  S t e l l i t e  Div i s ion  of t h e  Union 
Carb ide  Corpora t ion ,  4) the s t ressed-diaphragm t r ansduce r  process  t u b e  
was welded i n  p l a c e  and post-weld h e a t  t r e a t e d ,  5) t h e  h e a t e r  c o i l  and 
su rge  t a n k  sub-assemblies were j o i n e d ,  6) t h e  EM pump duct  was welded 
i n  p l a c e ,  and 7) t h e  slack-diaphragm t r ansduce r  was welded t o  t h e  loop. 
The j Q i n i n g  of t h e  l a t t e r  two components was accomplished i n  t h e  e i g h t -  
f o o t  d iameter .weld ing  ex tens ion  chamber a f t e r  i n t e g r a t i o n  of the l o ~ p ,  
vacuum chamber spool  s e c t i o n ,  and support  s t r u c t u r e .  All t h e  p o s t -  
weld annea l s  were conducted i n  t h e  welding vacuum chamber, u s i n g  a 
small r e f r a c t o r y  metal h e a t e r  which provided l o c a l i z e d  h e a t i n g  of t h e  
welded j o i n t .  
r e f r a c t o r y  m e t a l  h e a t e r  i n  t h i s  case was p o s i t i o n e d  around t h e  welds  
A t y p i c a l  h e a t  t rea tment  i s  i l l u s t r a t e d  i n  F igu re  8. The 
-15- 
TABLE I1 
RESULTS OF CHEMICAL ANALYSES OF Cb-1Zr ELECTRON 
BEAM WELDMENTSa PER SPECIFICATION SPPS-14 
Element, pp m 
C - H - 0 N - 
Base Metal Analyses by Vendor 
MCN-417 130 85 1 50 
Base Metal Analyses by GE 
MCN-417 142 22 2 30,40 
T - 1 1 1  Housing t o  Cb-1Zr Re ta ine r  
Body (Process  Sheet EB-4) 
Sample Weldb Before 107 53 3 
Sample Weld A f t e r  10 2 50 3 
T - 1 1 1  Diaphragm t o  Probe Mount 
(Process  Sheet  EB-5) 
Sample Weld Before 142 47 7 
Sample Weld Af ter  108 51  2 
a A l l  Welds Made a t  a P r e s s u r e  of 5 x l o m 5  Torr .  
Welds Analyses are on Welds Made on the Base Material 
L i s t e d  Above, Before and After Welding of t h e  Compon- 











Loop I1 During F i n a l  Assembly i n  t h e  Vacuum Purge Welding 
Chamber Extension. 
Anneal Loop Weldments i s  Shown i n  P o s i t i o n  f o r  Heat Treat- 
ment of t h e  EM Pump Duct Attachment Welds. 
C 640 60 134) 
The Refrac tory  Metal Furnace Used t o  
(Or ig ina l  - 
. 
a t t a c h i n g  t h e  EM pump duct  t o  t h e  loop. 
p l i e d  by t h e  welding t o r c h  and t h e  tempera ture  w a s  monitored by two 
P t  vs Pt+lO%Rh thermocouples a t t ached  t o  t h e  weld. 
Power f o r  t h e  h e a t e r  was sup- 
The s t a i n l e s s  s tee l  vacuum components were added t o  t h e  spool  sec- 
t i o n  of t h e  vacuum chamber i n  t h e  f i n a l  assembly ope ra t ion .  Two vacuum 
seal  welds were r e q u i r e d  on the e n t r y  p o r t s  f o r  t h e  sodium f i l l  l i n e  
and i n e r t  g a s  l i n e .  The o u t e r  can f o r  t h e  EM pump duct  and i t s  sup- 
p o r t  f l a n g e  were a l s o  welded i n  p o s i t i o n .  
Welding of t h e  Cb-1Zr a l l o y  component r e q u i r e d  f o r  f i n a l  assembly 
r e s u l t e d  i n  several minor d e v i a t i o n s  from S p e c i f i c a t i o n  SPPS-3C. A l -  
though t h e  welding chamber w i t h  t h e  ex tens ion  a t t a c h e d  has  been p r e -  
v i o u s l y  evacuated t o  less than  1 x 10-5 t o r r ,  t h e  a d d i t i o n  of t h e  
spool  s e c t i o n  r e s u l t e d  i n  slower pumping speeds and s l i g h t l y  h ighe r  
u l t i m a t e  vacua. B a c k - f i l l i n g  wi th  p u r i f i e d  hel ium was, t h e r e f o r e ,  con- 
ducted a f t e r  evacuat ion  t o  1 . 9  x 10-5 t o r r  and 2.6 x 10-5 t o r r  f o r  t h e  
EM pump and s l a c k  diaphragm p r e s s u r e  t r ansduce r  welds ,  r e s p e c t i v e l y .  
Another d e v i a t i o n  occurred  during h e a t  t r ea tmen t  of t h e  EM pump duc t  
a t tachment -welds .  
o p e r a t i o n  f o r  f i f t e e n  minutes at  2200oF. 
of Cb-1Zr weldments i n d i c a t e d  t h i s  t i m e  a t  tempera ture  was s u f f i c i e n t  
t o  avoid subsequent ag ing  r e a c t i o n s .  Therefore ,  no f u r t h e r  annea l ing  
w a s  performed. 
I n  t h i s  ca se  t h e  h e a t e r  sho r t ed  e x t e r n a l l y  a f te r  
Review of t h e  a g h g  r e a c t i o n s  
The q u a l i f i c a t i o n  of  t h e  vacuum fu rnaces  used f o r  post-weld annea l -  
i n g  t r e a t m e n t s  was conducted i n  accordance w i t h  S p e c i f i c a t i o n  SPPS-3C. 
R e s u l t s  of chemical ana lyses  are r e p o r t e d  i n  T a b l e  111. 
performed i n  accordance w i t h  S p e c i f i c a t i o n  SPPS-3C i n d i c a t e d  f u l l  bend 
d u c t i l i t y  i n  a l l  cases. 
Bend tes t s  
A d e v i a t i o n  from S p e c i f i c a t i o n  SPPS-3C occurred  i n  t h e  degree of  
vacuum a t t a i n a b l e  dur ing  h e a t  t reatment .  I t  was found necessa ry ,  due 
t o  fu rnace  l i m i t a t i o n s ,  t o  set t h e  upper l i m i t  of p r e s s u r e  a t  5 x 10-5 
t o r r  r a t h e r  t han  t h e  1 x 10-5 t o r r  s p e c i f i e d .  
p r e s s u r e  was cons idered  accep tab le  s i n c e  q u a l i f i c a t i o n  r u n s  which p r e -  
ceeded t h e  a c t u a l  p a r t s  were acceptab le  under these cond i t ions .  
an added p r e c a u t i o n ,  two l a y e r s  of 0.002-inch t h i c k  C b - 1 Z r  f o i l  were 
used  t o  wrap t h e  loop and components t o  f u r t h e r  minimize t h e  chances 
f o r  contaminat ion.  
T h i s  upper l i m i t  on 
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3.  Sodium f o r  Loop 11 
The schematic drawing of sodium p u r i f i c a t i o n  and t r a n s f e r  system 
f o r  Loop I1 was shown i n  a previous r epor t4 .  
m e t a l  ob ta ined  from U.S. I n d u s t r i a l  Chemicals Company was t r a n s f e r r e d  
from t h e  sh ipping  con ta ine r  t o  a t i t an ium- l ined ,  z i rconium-get tered 
h o t  t r a p  where i t  was outgassed a t  600° t o  800°F and subsequent ly ,  h o t  
t r apped  f o r  102 hours  a t  1300O t o  13700F, 
h o t - t r a p  and charge-pot assembly were inco rpora t ed  i n t o  the loop f i l l -  
i n g ,  sampling and dumping plumbing system ad jacen t  t o  t h e  Loop I1 tes t  
chamber. 
t o  b e  f r e e  of l eaks  a t  room temperature.  The t r a n s f e r  system was ou t -  
gassed a t  250° t o  300°F u n t i l  t h e  p r e s s u r e  r i se  ra te  was reduced t o  
0.95 m i c r o n - l i t e r s  pe r  minute. A p r e s s u r e  of 1 x 10-5 t o r r  was obta ined  
i n  the system p r i o r  t o  f l u s h i n g  the  s t a i n l e s s  steel  t r a n s f e r  system w i t h  
t h r e e  pounds of ho t  t rapped  sodium. Following oxygen a n a l y s i s  of t h e  
sodium sample taken  during t h e  f lu sh ing  o p e r a t i o n ,  t h e  Loop I1 surge  
t ank  was f i l l e d  wi th  4 .5  pounds of sodium. The surge  tank  was p r e s s u r i z e d  
t o  100 p s i a  w i t h  h i g h - p u r i t y  argon t o  f i l l  t h e  loop,  and sodium was 
pumped through t h e  loop a t  5W0F f o r  one hcur .  The loop surge tank was 
t h e n  evacuated,  causing t h e  sodium t o  d r a i n  back i n t o  t h e  surge  tank.  
A sodium sample was subsequent ly  taken from t h e  surge  tank  and analyzed 
t o  determine i f  t h e  oxygen l e v e l  of t h e  i n i t i a l  charge w a s  s u f f i c i e n t l y  
low t o  s tar t  t h e  tes t .  
Reactor  grade sodium 
A f t e r  ho t  t r app ing ,  t h e  
The assembled system was then  helium l e a k  checked and found 
The a n a l y t i c a l  r e s u l t s  obtained on t h e  sodium samples taken  a f t e r  
h o t  t r a p p i n g ,  af ter  f l u s h i n g  t h e  t r a n s f e r  system, and a f t e r  f i l l i n g  
and f l u s h i n g  t h e  loop are given i n  F igure  9. S t a t i s t i c a l  a n a l y s i s  of 
t h e s e  data i n d i c a t e  an oxygen concent ra t ion  of 2 ppm, a 9 .7  microgram 
oxygen blank f o r  t h e  a n a l y t i c a l  technique,  and a 3~ v a l u e  of + 5.9 
micrograms. Metall ic ana lyses  on t h e  hot  t rapped  sodium and t h e  loop 
f l u s h  sodium are shown i n  Table  I V .  
c o n s t i t u e n t s  was ind ica t ed .  
1 
I 
I E s s e n t i a l l y  no change i n  meta l l ic  
I 4. Loop 11 Ins t rumenta t ion ,  I n s t a l l a t i o n ,  and Operat ion 
A. I n s t rumen ta t ion  
Upon completion of t h e  welding and h e a t  t r e a t i n g  of t h e  Loop 
I1 assembly, a f i n a l  helium mass spectrometer  l e a k  check of t h e  a s s e m b l y  I 
Potassium Corrosion Test Loop Development, Quar t e r ly  Progress  
Report  # 3 ,  Covering t h e  Period January 15, 1964 t o  A p r i l  15,  
1964, NASA Cont rac t  NAS 3-2547, NASA-CR-54081, p 28. 
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METALLIC ANALYSES OF LOOP I1 N a  
me Chemical Analys is ,  pp - F e z  C o M n A l f j g Z n & C u P b C r  
Afte r  H o t  Trapping 
I A f t e r  Loop I1 Flush  
Af te r  H o t  Trapping 
Af te r  Loop 11 Flush  
1 
Chemical Analys is ,  pp m - - - -  S i  T i  N i  Mo x&&&SrZr&K 
< l o  <5  (1 < 5  < 1  < 1  <1<10 < 1  < 3  < 1  75 
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was made. No leaks  were de tec t ed  us ing  a hel ium mass spectrometer  
having a s e n s i t i v i t y  of 5 x 10-10 s tandard  C . C .  of a i r  p e r  second. 
Loop I1 was then t r a n s f e r r e d  t o  a p o r t a b l e ,  a i r  supported c l e a n  room 
f o r  ins t rumenta t ion ,  i n s u l a t i o n  and i n s t a l l a t i o n  of a u x i l i a r y  loop 
equipment. 
The p o r t a b l e  c l ean  room shown i n  F igure  10 measures 15 f e e t  i n  
d i a m e t e r  x 15 f e e t  high. 
e n t  p l a s t i c  shee t  and i s  supported by i n t e r n a l  p r e s s u r e  of approximately 
0.2 p s i  provided by an a i r  blower. 
p e r m i t s  t r a f f i c  t o  move i n t o  and out  of t h e  c l e a n  room wi thout  t h e  l o s s  
of t h e  i n t e r n a l  p r e s s u r e  which would r e s u l t  i n  t h e  c o l l a p s e  of t h e  
s h e l t e r .  A l l  personnel  engaged i n  ins t rument ing  t h e  loop are r e q u i r e d  
t o  wear l i n t  f r e e ,  whi te  shoes covers ,  c o v e r a l l s ,  and gloves.  A l l  
components, inc luding  t h e  loop and spool  s e c t i o n ,  were vacuum c leaned ,  
then  washed wi th  e t h y l  a l coho l ,  and vacuum cleaned aga in  t o  remove any 
dus t  o r  o t h e r  fo re ign  m a t e r i a l  t h a t  may have accumulated dur ing  t h e  
f a b r i c a t i o n  o r  i n  t h e  f i n a l  shipment of t h e  loop t o  t h e  t e s t  a rea .  
It i s  f a b r i c a t e d  from re - in fo rced  t r a n s p a r -  
A double door,  i n t e r l o c k  chamber 
1. Temperature Measurement 
W-3%Re v s  W-25%Re thermocouples were used e x c l u s i v e l y  i n  
The 0.005-inch d iame te r  w i r e  used was from a ins t rument ing  Loop 11. 
s i n g l e  l o t  and c a l i b r a t e d  i n  an argon atmosphere a g a i n s t  a s tandard  
platinum-rhodium thermocouple over t h e  2000-2200°F temperature  range. 
A similar c a l i b r a t i o n  i s  scheduled dur ing  t h e  next  q u a r t e r  i n  a 1 x 
10-6 t o r r  vacuum. The l o c a t i o n s  of t h e  28 thermocouples used t o  m e a -  
s u r e  t h e  loop ope ra t ing  temperature  are shown i n  F igure  11. 
couple  i n s t a l l a t i o n  procedures  were used. Alumina-insulated,  beaded- 
j u n c t i o n  thermocouples were i n s e r t e d  i n t o  w e l l s  l oca t ed  i n  t h e  EM pump 
i n l e t  and o u t l e t  r educe r s ,  wh i l e  t h e  remainder of t h e  thermocouples 
were of t h e  s p l i t - j u n c t i o n  t y p e  wi th  each w i r e  being we lded  t o  t h e  tube  
w a l l .  
s u l a t e  t h e  wires i n s i d e  t h e  vacuum chamber. The thermocouple wires 
were routed  from t h e  j u n c t i o n  t o  a 99.7% A1203 t e rmina l  block a t t a c h e d  
t o  t h e  loop support  s t r u c t u r e .  The t e rmina l  block was used f o r  con- 
venience i n  t h e  i n s t a l l a t i o n  and checkout of thermocouples s i n c e  t h e  
t r a n s i t i o n  from tungsten-rhenium wire t o  copper w i r e  i s  made o u t s i d e  of 
t h e  vacuum chamber. The tungsten-rhenium wires are run  from t h e  ter-  
minal  block along t h e  support  s t r u c t u r e  through an o c t a l  vacuum feed-  
through, shown i n  F igure  1 2 ,  t o  a r e f e r e n c e  j u n c t i o n  box which i s  main- 
t a i n e d  a t  1500F. Copper w i r e  l e a d s  connect  t h e  r e f e r e n c e  j u n c t i o n  box 
t o  a 24-point  record ing  potent iometer .  
Two thermo- 
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Figure 11. Component Evaluat ion T e s t  Loop I1 Showing Locat ion Of 









Figure  12. High-Vacuum W-Re Thermocouple Feedthrough Assembly. 
(C 64061104) 
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The major source  of e r r o r  t h a t  can and has  occurred  . in  t h e  
above system i s  i n  t h e  o c t a l  vacuum feedthrough where t h e  w i r e  i s  brazed 
w i t h  Premabraze 615 (61.5Ag-24Cu-14.5111) braze  a l l o y  i n  a s m a l l  0.050- 
i n c h  diameter n i c k e l  tube.  A s i g n i f i c a n t  e r r o r  ar ises  i f  t h e  thermo- 
couple  w i r e  makes a second e l e c t r i c a l  c o n t a c t  ( i n  a d d i t i o n  t o  t h e  brazed 
vacuum s e a l )  t o  t h e  n i c k e l  t u b u l a t i o n  s i n c e  du r ing  loop o p e r a t i o n  t h e  
t u b u l a t i o n  can have a several hundred degree tempera ture  d i f f e r e n t i a l  
from t h e  brazed end (vacuum end) t o  t h e  o p p o s i t e  end. T h i s  problem was 
observed i n  Loop I o p e r a t i o n  and d u p l i c a t e d  i n  bench tes t s  which gave 
several hundred degrees  e r r o r  under s i m i l a r  t e s t  cond i t ions .  The prob-  
l e m  has  been e l imina ted  by c a r e f u l l y  i n s e r t i n g  a s m a l l  d iameter ,  s i n g l e -  
h o l e  i n s u l a t o r  i n s i d e  t h e  n i c k e l  t ube  from t h e  a i r  s i d e  which e l ec t r i -  
c a l l y  i n s u l a t e s  t h e  thermocouple wire from t h e  tube.  
2. P re s su re  Measurements 
P res su re  measurements i n  Loop I1 are r e s t r i c t e d  t o  a s i n g l e  
s l a c k  diaphragm e l e c t r o n i c  volumetr ic  p r e s s u r e  t r a n s m i t t e r  i n  t h e  h i g h  
tempera ture  c i r c u i t  and an  a l l  r e f r a c t o r y  a l l o y  s t r e s s e d  diaphragm 
t r a n s d u c e r  i n  t h e  low-flow, low-temperature bypass l i n e .  I n  a d d i t i o n  
t o  t h e  two l i q u i d  metal p r e s s u r e  gauges, an argon gas  p r e s s u r e  gauge 
l o c a t e d  on t h e  c o n t r o l  console  and connected t o  t h e  top  of t h e  su rge  
t a n k  i s  a l s o  used t o  monitor t h e  loop p r e s s u r e  dur ing  o p e r a t i o n  and f o r  
c a l i b r a t i o n  of t h e  l i q u i d  m e t a l  p r e s s u r e  gauges. 
The vo lumet r i c  p r e s s u r e  t r a n s d u c e r  c o n s i s t s  of a diaphragm 
housing,  diaphragm, NaK-fi l led c a p i l l a r y ,  and bourdon tube.  A l l  p a r t s  
which are w e t  by t h e  p rocess  f l u i d  (sodium i n  Loop 11, potassium i n  
t h e  Pre-pro to type  Loop) are  made from Cb-1Zr  a l l o y .  The diaphragm 
housing and t h e  p r o c e s s  t ube  which connec ts  i t  t o  t h e  loop are shown 
nea r  t h e  top  i n  F igu re  1 3 ,  which i s  a photograph of t h e  Loop I1 t aken  
du r ing  i n s t a l l a t i o n .  
has  a p r e s s u r e  range of 0-150 p s i a  a t  a maximum tempera ture  of 2000°F 
and a response  t i m e  of one second f o r  63% of  t h e  range. 
f a b r i c a t e d  from s t a i n l e s s  s teel  and L-605 a l l o y  have been used i n  l i q u i d  
m e t a l  h e a t  t r a n s f e r  t es t  loops a t  General  E l e c t r i c .  
The s l a c k  diaphragm p r e s s u r e  t r a n s d u c e r  gauge 
S i m i l a r  u n i t s  
Because of t h e  r e l a t i v e l y  slow frequency response  of t h e  
s l a c k  diaphragm t y p e  of t r a n s m i t t e r ,  an a l l  r e f r a c t o r y  a l l o y ,  s t r e s s e d  
diaphragm t r ansduce r  w a s  designed and f a b r i c a t e d  f o r  e v a l u a t i o n  i n  
L0op:II .  
t h i c k  T - 1 1 1  a l l o y  diaphragm which serves as a b a r r i e r  t o  keep t h e  
a l k a l i  m e t a l  i n  t h e  loop system. 
member and i t s  d e f l e c t i o n ,  which i s  p r o p o r t i o n a l  t o  t h e  load upon i t ,  
T h i s  t r ansduce r  c o n s i s t s  of a hous ing  c o n t a i n i n g  a 0.015-inch 
The diaphragm serves as a s t r e s s e d  
-28- 



















Figure 13. Loop I1 Partially Instrumented. (C64061106) 
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i s  t h e  measured q u a n t i t y .  
s p r i n g  and it  i s  t h i s  f e a t u r e  which p rov ides  t h e  h igh- response  cha r -  
a c t e r i s t i c s  of t h i s  t ype  of t r ansduce r .  
phragm a l s o  tend t o  l i m i t  t h e  o p e r a t i n g  tempera ture  and long t e r m  
accuracy c a p a b i l i t i e s  of t h e  t r ansduce r .  
sured by means of a l i n e a r  v a r i a b l e  d i f f e r e n t i a l  t r ans fo rmer  which 
i s  mounted a t  t h e  diaphragm housing and i s  a c t i v a t e d  by a magnetic c o r e  
a t t a c h e d  t o  t h e  diaphragm by means of a s t a i n l e s s  s tee l  wire, as de- 
s c r i b e d  p rev ious ly  under Loop I1 f a b r i c a t i o n .  
The s t r e s s e d  diaphragm acts as a s t i f f  
The h i g h  stresses i n  t h e  d i a -  
Diaphragm d e f l e c t i o n  i s  m e a -  
A pre l iminary  c a l i b r a t i o n  i n d i c a t e d  t h a t  t h e  t r ansduce r  
was func t ion ing  p r o p e r l y  be fo re  assembly i n t o  t h e  loop system. A 
d e s c r i p t i o n  of  t h e  ou tpu t  s i g n a l  i n  m i l l i v o l t s  v e r s u s  a b s o l u t e  p r e s -  
s u r e  level  i s  given i n  Tab le  V.  
t e m  ou tpu t  could be c o r r e c t e d  by manipula t ion  of  t h e  e l e c t r o n i c  c i r -  
c u i t r y  but  t h e  p r i m a r y  purpose of  t h e  p r e s e n t  a p p l i c a t i o n  i s  r a p i d  
response ,  and t h i s  does no t  warran t  t h e  a d d i t i o n a l  expense r e q u i r e d  t o  
improve t h e  l i n e a r i t y .  Due t o  t h e  d i f f i c u l t i e s  involved i n  e x p e r i -  
men ta l ly  determining the a c t u a l  f requency response  c h a r a c t e r i s t i c s ,  a 
c a l c u l a t e d  va lue  w i l l  be used. 
The severe n o n - l i n e a r i t y  of the sys-  
3. Sodium Flow R a t e  
The sodium flow rate of Loop 11 i s  measured by a perman- 
e n t  magnet flowmeter designed t o  ope ra t ed  a t  a l i q u i d  m e t a l  tempera- 
t u r e  of 220O0F. T h i s  flowmeter i s  shown i n  F i g u r e  13. The 2400 Gauss 
permanent Alnico V magnet has been s t a b i l i z e d  by r epea ted  thermal  
c y c l i n g  from room tempera ture  t o  9000F. 
of tempera ture  a f t e r  thermal  s t a b i l i z a t i o n  i s  shown i n  Tab le  V I - i n  t h e  
room temperature  t o  900°F range. These v a l u e s  are used i n  c a l c u l a t i n g  
t h e  sodium flow rate a t  t h e  des ign  temperature .  The s m a l l  e f f e c t  o f  
magnet temperature  on t h e  f l u x  measured i s  s i g n i f i c a n t l y  lower t h a n  
pub l i shed  d a t a  f o r  Alnico V which shows a 1.1% loss  i n  f l u x  pe r  100°F 
tempera ture  r i s e  below 600°F. A r e - c a l i b r a t i o n  of t h e  magnet w i l l  be 
made upon completion of Loop 11 t e s t i n g .  
The magnetic f l u x  as a f u n c t i o n  
Cb-1Zr f o i l  i n s u l a t i o n  i s  used t o  the rma l ly  s h i e l d  t h e  
magnet. 
w i t h  0.065-inch w a l l ,  which i s  t h e  p r i n c i p a l  Loop 11 plumbing material. 
The Cb-1Zr e l ec t rodes ,  which are  0.062-inch d iameter  w i r e ,  were purchased 
t o  t h e  same chemistry s p e c i f i c a t i o n s  as t h e  tube  t o  minimize t h e  spu r -  
i o u s  thermal  emf which could r e s u l t  from d i s s i m i l a r  materials a t  t e m -  
p e r a t u r e .  
flowmeter i s  shown i n  F igu re  14. 
The flow tube  i s  f a b r i c a t e d  from 0.375-inch OD Cb-1Zr tube  
A c a l c u l a t e d  ou tpu t  v o l t a g e  vs flow rate  from t h e  Loop I1 
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TABLE V 
PRELIMINARY ROOM TEMPERATURE 
CALIBRATION REFRACTORY PRESSURE TRANSDUCER 






















* Argon Gas Used. Pressure Measured with 
a Heise Gauge (Model No. H6812) 0-200 
psig Range in 0.5 psig Increments. 
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TABLE V I  
MAGNETIC FLUX V S  TEMPERATURE FOR LOOP I1 ALNICO V FLOWMETER 
MAGNET AFTER THERMAL STABILIZATION AND PRIOR TO THE LOOP TEST 
Magnet G a u s s  Magnetic Flux 
Tenlp. ,  I O F  R u n  #1 R u n  #2  R u n  #3 
7 0  2400 2400 2400 
200 2400 2400 2400 
400 2400 2400 2400 
500 2400 2400 2400 
60 0 2400 2370 2400 
700 2400 2370 2400 
800 2370 2370 2400 
900 2370 2370 2370 
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Output Voltage, Millivolts 
Figure  14. Calculated Output Voltage vs Flow Rate f o r  t h e  Loop I1 
Permanent Magnet Flowmeter. 
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Thermal i n s u l a t i o n  was added t o  t h e  h e a t e r  assembly, t h e  flow- 
meter t u b e ,  and t h e  EM pump i n l e t  and o u t l e t  during t h e  in s t rumen ta t ion  
of t h e  loop i n  t h e  c l ean  room. 
layers of dimpled 0.002-inch t h i c k  by 0-5-inch wide Cb-1Zr f o i l  wrapped 
around t h e  tube assembly  as shown i n  F igure  13. 
The i n s u l a t i o n  c o n s i s t e d  of m u l t i p l e  
The s t a i n l e s s  s teel  support  s t r u c t u r e  w a s  ad jus t ed  t o  accommo- 
d a t e  t h e  loop and i n d i v i d u a l  support  members  f o r  t h e  p r e s s u r e  t r a n s -  
ducers  and surge tank  were pos i t i oned  and bo l t ed  i n  p lace .  
t r i c  power copper bus ba r s  f o r  t h e  h e a t e r  assembly were i n s t a l l e d  w i t h  
h igh -pur i ty  A1203 i n s u l a t o r s  t o  i s o l a t e  t h e  h e a t e r  from t h e  support  
s t r u c t u r e .  
The e l e c -  
The f i n a l  s t e p  i n  t h e  i n s t a l l a t i o n  of t h e  loop i n  t h e  spool  
s e c t i o n  before  t r a n s f e r  t o  t h e  vacuum tank  was t h e  assembly of t h e  va lves .  
F igure  15 shows an exploded view of t h e  va lve  a s sembly ,  and Figure  16  
shows t h e  assembled va lve  w i t h  t h e  gear t r a i n  which i s  r equ i r ed  t o  p e r -  
m i t  t h e  f l e x i b l e  cab le  t o  be connected t o  the v a l v e  from t h e  r o t a r y  
vacuum feedthrough which i s  loca ted  on t h e  lower vacuum tank  (sump). 
Bench tes t s  of t h e  v a l v e  assembly i n  a i r  i n  t h e  arrangement r e q u i r e d  
f o r  Loop I1 opera t ion  showed t h a t  less than  2 i n c h - l b s  of t o rque  app l i ed  
t o  t h e  r o t a r y  vacuum feedthrough i s  s u f f i c i e n t  t o  o p e r a t e  t h e  v a l v e  wi th  
100 p s i  i n t e r n a l  pressure .  
are used t o  d r i v e  t h e  va lves .  
Rotary feedthroughs rated a t  4- inch pounds 
F igu re  17. shows Loop 11 mounted on t h e  spool  p i e c e  j u s t  p r i o r  
t o  i t s  t r a n s f e r  t o  t h e  vacuum chamber. Following at tachment  t o  t h e  
sump of t h e  vacuum chamber, t h e  sodium and argon p r e s s u r e  l i n e s  were 
connected, t h e  EM pump e l e c t r i c a l  windings were bo l t ed  t o  t h e  f l a n g e  
shown i n  Figure 1 7 ,  and t h e  thermocouples and p r e s s u r e  gauges connected 
t o  t h e  readout  equipment. 
checked ou t .  
Sa fe ty  c i r c u i t s  on t h e  tes t  sys t em were then  
The s a f e t y  c i r c u i t s  i nc lude  t h e  fo l lowing:  
a) An overtemperature  thermocouple which t u r n s  o f f  h e a t e r  
power t o  t h e  loop i f  t h e  loop temperature  exceeds t h e  
c o n t r o l  temperature  by 2000F. 
b) An explosive va lve  argon f lood ing  s y s t e m  which i s  ac tua ted  
by t h e  g e t t e r - i o n  pump c u r r e n t  if t h e  pump c u r r e n t  exceeds 

























w-, 3" ____cI 
Figure  15. Exploded V i e w  of Hoke Valve Used on Loop 11. All Parts 
The Stem Bushing, 
Shown wi th  t h e  Exception of t h e  Bellows, Body and Stem 
Bushing a r e  Made of S t a i n l e s s  Steel .  
Adapter, Bonnet Nut, and t h e  Threaded Por t ion  of t h e  Stern 
were Gold Plated t o  Minimize Gal l ing.  (C 640 604 20) 
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Figure  16. Assembled Valve and Gear Tra in .  F l e x i b l e  S t a i n l e s s  S t e e l  
C a b l e  t o  Magnetically Coupled Rotary Vacuum Feedthrough i s  
























Figure 17. Loop I1 and Spool Piece Near Completion of Installation 
and Instrumentation. Stainless Steel Can Which Forms 
Vacuum Enclosure Around Cb-1Zr EM Pump Duct i s  Shown on 
the Left. (C640 6110 5) 
-37- 
c) A r e l a y  i n  t h e  i o n i z a t i o n  gauge c o n t r o l  which s h u t s  o f f  
t h e  loop h e a t e r  power and t h e  EM pump i f  t h e  p r e s s u r e  
rises t o  above 1 . 5  x 10-7 t o r r .  
The con t ro l  console  f o r  Loop 11 i s  shown i n  F igure  18. 
The sodium t r a n s f e r ,  f l u s h i n g ,  and sampling ope ra t ions  and 
r e s u l t s  have been descr ibed  i n  t h e  preceding s e c t i o n .  
C .  T e s t  Chamber Bakeout and Loop I1 S t a r t u p  
A summary of tes t  chamber p r e s s u r e  v s  t i m e  dur ing  t h e  bakeout 
and tes t  s t a r t u p  per iod  i s  given i n  F igu re  19. The bakeout was i n t e r -  
rup ted  a t  237 hours  t o  repair  and modify t h e  meter ing va lve  dr ive 
a c t u a t i o n  system. A s  was a n t i c i p a t e d ,  a cons ide rab le  t i m e  w a s  re-  
q u i r e d  t o  outgas t h e  system components. Most of t h e s e  components were 
on bakeout f o r  approximately 170 hours.  While on bakeout t h e  tempera- 
t u r e s  of t h e  va r ious  components i n  t h e  vacuum environment v a r i e d  from 
a minimum of 25OoF t o  a maximum of 525OF. S i g n i f i c a n t  p r e s s u r e  r ises 
occurred each t ime t h e  loop temperature  was inc reased ,  but remained a t  
t h e s e  h ighe r  p re s su re  l e v e l s  f o r  only a few hours.  The maximum p r e s -  
suresobserved during t h e s e  pe r iods  a r e  given i n  F igu re  19. 
i a t i o s  of 2 (H2) -and’28 (N2 o r  CO) made up 22% and 36%, r e s p e c t i v e l y ,  
of t h e  t o t a l  gas p re s su re  (8.6 x 10-6 t o r r ) ,  when t h e  loop was f i l l e d  
w i t h  sodium and increased i n  temperature  t o  500OF. Hydrogen became 
t h e  p r i n c i p a l  g a s  p r e s e n t  when t h e  sodiutn i n  t h e  loop reached a temper- 
a t u r e  of 950°F. At t h i s  t i m e  (192 hour s ) ,  t h e  t o t a l  p r e s s u r e  was 
8.0 x 10-7 t o r r  and t h e  hydrogen accounted f o r  42% of t h e  t o t a l  p r e s -  
su re .  
Mass/charge 
During t h e  pe r iod  from 288 t o  292 hours  when t h e  sodium temper- 
a t u r e  w a s  being inc reased  from 10000 t o  19700F, t h e  p r e s s u r e  inc reased  
t o  6.5 x 10-6 t o r r  but  dropped t o  less than  1 x 10-6 t o r r  i n  t h r e e  
hours .  The t i t an ium subl imat ion pumps were v e r y  e f f e c t i v e  i n  reducing  
t h e  p r e s s u r e  i n  t h e  s y s t e m  during t h e  peak gas  load pe r iod  a s s o c i a t e d  
w i t h  s t a r t u p  of t h e  t es t .  
D. Loop I1 Operat ion 
S ince  the  loop reached t h e  d e s i r e d  tes t  cond i t ions  on J u l y  2, 
t h e  i o n i z a t i o n  gauge p r e s s u r e  has  exceeded 1 x 10-7 t o r r  f o r  approxi-  
m a t e l y  50 hours  and during t h i s  pe r iod  hydrogen has  been t h e  p r i n c i p a l  
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A s  of J u l y  15 ,  Loop I1 
opera t ion .  The p r i n c i p a l  t es t  
low: 
Heater o u t l e t  temperature  
Pump i n l e t  temperature  
Pump o u t l e t  temperature  
Meter ing v a l v e  temperature  
Loop p r e s s u r e  
Sodium flow ra te  
E l e c t r i c a l  power input  
Chamber p r e s s u r e  
has  completed 310 hours  of u n i n t e r r u p t e d  









The r e s u l t s  of a p a r t i a l  pressui  
20 60 O F  
1985OF 
1975OF 
6600 t o  900°F 
144 p s i a  
1 gpm 
6.75 KW 
2 .7  x 10-8 t o r r  
e ana lyzer  SI an a t  t h i s  t i m e  
are given i n  T a b l e  VU. The analyzer  w a s  c a l i b r a t e d  us ing  helium and 
n i t r o g e n ,  and t h e  r e s u l t s  of t h i s  c a l i b r a t i o n  were used i n  conver t ing  
t h e  i n d i c a t e d  p r e s s u r e  t o  t r u e  pressure .  
mass/charge-2 (H2) and -28 (N2, C O ) ,  are t h e  p r i n c i p a l  s p e c i e s  p re -  
s e n t  and t h e r e  i s  a reasonably good c o r r e l a t i o n  between t h e  i o n i z a t i o n  
gauge p r e s s u r e  and t h e  t o t a l  of t h e  p a r t i a l  p re s su res .  More d e t a i l e d  
informat ion  regard ing  t h e  c a l i b r a t i o n  of t h e  r e s i d u a l  gas  ana lyzer  w i l l  
be  p re sen ted  i n  t h e  next  s ec t ion  of t h i s  r e p o r t .  
A s  may b e  noted i n  Table  V I I ,  
During t h e  s teady  s t a t e  t e s t i n g ,  s e v e r a l  adjustments  t o  t h e  
meter ing  v a l v e  were requ i r ed  t o  i n c r e a s e  t h e  flow i n  t h e  bypass l i n e  
t o  ma in ta in  a v a l v e  temperature  of 800OF. The flow i n  t h e  bypass l i n e ,  
which i s  a s m a l l  f r a c t i o n  of the one g a l l o n  p e r  minute  flow i n  t h e  main 
l i n e ,  i s  no t  measured, but can e a s i l y  be de t ec t ed  by temperature  changes 
i n  t h e  bypass. 
blockage i s  developing i n  t h e  bypass probably a t  t h e  v a l v e  seat which 
has  t h e  smallest flow passage i n  t h e  e n t i r e  loop. 
t h e  v a l v e  w i t h  t h e  meter ing valve ad jus t ed  t o  g i v e  an i n i t i a l  tempera-  
t u r e  of 8000F i s  approximately 0.002-inch2 wi th  a flow gap between 
t h e  p lug  and v a l v e  s e a t  of 0.0043-inch. 
It i s  apparent  t h a t  some t y p e  of flow r e s t r i c t i o n  o r  
The flow area i n  
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TABLE VI1 
RESULTS OF PARTIAL PRESSURE ANALYZER 
SCAN OF LOOP 11 CHAMBER ENVIRONMENT 
T i m e :  08:OO - J u l y  15,  19 
T o t a l  Hours of Loop Opera t ion :  310 
I o n i z a t i o n  Gauge P r e s s u r e :  
I o n  Curren t  
Mas s/Char ge amp s 
2 2.8 x 
4 7 . 8  x 
1 6  1.0 x 10-11 
18 2.5 x lo-'' 
-10 28 4 . 7  x 10 
32 Not Detec ted  
- 10 40 1.8 x 10 
44 6 . 6  x 
2.7 x loe8  T o r r  
I n d i c a t e d  P r e s s u r e  
Tor r  
0 . 3 0  x 
0.08 x 
0 . 0 1  x 1 0 - 8  
0 . 3 0  x 
0 . 6 2  x 
Not Detected 
0 . 2 6  x loe8  
0.10 x 10'8 
TOTAL TRUE PRESSURE 
- 4 2 -  
True  P r e s s u r e  
Torr  
0 . 7 0  x 
0 . 4 6  x 
0 . 0 1  x 
0 . 3 4  x 
0 .62  x 
Not Detected 
0 . 1 7  x 
0 . 0 7  x 10-8 
2.37 x 
5. Res idua l  Gas Analys is  i n  the Loop I1 System 
During t h e  o p e r a t i o n  of Loop 11, t h e  p a r t i a l  p r e s s u r e  gas  analyzer* 
i s  being used  t o  monitor t h e  composition of  t h e  r e s i d u a l  g a s e s  i n  t h e  
vacuum chamber. I n  o r d e r  t o  o b t a i n  q u a n t i t a t i v e  d a t a ,  t h e  ana lyze r  
w a s  c a l i b r a t e d  a g a i n s t  the sys t em i o n  gauge f o r  several p u r e  gases  ad- 
m i t t e d  i n t o  t h e  system through a v a r i a b l e  l e a k  va lve .  
The procedure used f o r  t h i s  c a l i b r a t i o n  w a s  e s s e n t i a l l y  t h e  s a m e  
as t h a t  u t i l i z e d  i n  t h e  c a l i b r a t i o n  of  t h e  p a r t i a l  p r e s s u r e  a n a l y z e r  
used f o r  a n a l y s i s  of t h e  welding chamber helium. The c a l i b r a t i o n  and 
c a l c u l a t i o n  procedures  have been desc r ibed  i n  t h e  prev ious  p r o g r e s s  
r e p o r t 5 .  
i n t o  t h e  system t h e r e  was an a p p r e c i a b l e  i n c r e a s e  i n  t h e  c o n c e n t r a t i o n  
o f  p r a c t i c a l l y  every  r e s i d u a l  gas i n  the system. T h i s  e f f e c t  was most 
pronounced when t h e  i n e r t  gases ,  argon and helium, were admit ted.  I n  
one p a r t i c u l a r  case, upon in t roduc ing  argon i n t o  t h e  system, t h e  he l ium 
i o n  c u r r e n t  was a c t u a l l y  g r e a t e r  t han  t h e  argon i o n  c u r r e n t .  More 
t y p i c a l l y ,  t h e  i o n  c u r r e n t  due t o  t h e  gas  admi t ted  was about 75% of  the 
t o t a l  i o n  c u r r e n t  when i n e r t  gases  were admi t t ed ,  and about 90% of t h e  
t o t a l  f o r  t h e  more act ive gases, w i t h  c o n s i d e r a b l e  v a r i a t i o n  from t h e s e  
t y p i c a l  va lues .  T h i s  e f f e c t  i s  most probably due t o  e v o l u t i o n  of p r e -  
v i o u s l y  pumped gases  from t h e  ion  pump. Because of t h i s  e f f e c t ,  it 
w a s  necessary  i n  t h e  d a t a  r educ t ion  procedure  t o  f i r s t  estimate t h e  
response  of t h e  ana lyze r  t o  each of  t h e  r e s i d u a l  gases  i n  t h e  system, 
and t h e n  t o  c o r r e c t  t h e  i o n i z a t i o n  gauge r e a d i n g  f o r  t h e  presence  o f  
a l l  s p e c i e s  which had concen t r a t ions  s u f f i c i e n t  t o  a f f e c t  t h e  i o n  gauge 
i n d i c a t i o n .  
It  was found, however, upon t h e  i n t r o d u c t i o n  of a p u r e  g a s  
Two s e p a r a t e  c a l i b r a t i o n s  of t h e  p a r t i a l  p r e s s u r e  ana lyze r  have 
been made. The f i r s t  and m o r e  complete c a l i b r a t i o n  w a s  performed be- 
f o r e  the loop was assembled i n  t h e  vacuum chamber. Base p r e s s u r e  f o r  
t h e s e  t es t s  were about 2 x 10 -lo t o r r  and c a l i b r a t i o n s  were made f o r  
t h e  pu re  gases  H2, H e ,  N 2 ,  A, and C02 a t  p r e s s u r e  g e n e r a l l y  between 
5 x 10-7 and 5 x 10-9 t o r r  as i n d i c a t e d  by the i o n  gauge. 
The second c a l i b r a t i o n  was performed a f te r  t h e  loop had been i n -  
s t a l l e d  i n  t h e  chamber but b e f o r e  a c t u a l  o p e r a t i o n  of t h e  loop. 
check was made t o  determine whether t h e  response  of t h e  ana lyze r  had 
T h i s  
. . . . . . . . . . . . . . . . . . . . . . . . . .  
* Vacuum Products  Div is ion ,  General E lec t r i c  Company, Model 514. 
Potassium Corros ion  Test Loop Development , Q u a r t e r l y  P rogres s  
Report  #3, Covering t h e  Per iod  January  15, 1964 t o  A p r i l  15 ,  
1964, NASA Con t rac t  NAS 3-2547, NASA-CR-54081, p 53. 
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changed due t o  a c t u a l  i n s t a b i l i t y  of t h e  ana lyze r  system w i t h  t i m e  o r  
t o  some o t h e r  f a c t o r  such as a c c i d e n t a l  movement of t h e  ana lyze r  t u b e  
re la t ive  t o < t h e  magnet. For t h e  second c a l i b r a t i o n  base p r e s s u r e s  of 
about 3 x 10-8 t o r r  were obta ined  and c a l i b r a t i o n s  were made f o r  H e  and 
N2 a t  p r e s s u r e s  as  h igh  as 8 x t o r r .  
The r e s u l t s  of t h e s e  two c a l i b r a t i o n s  are shown i n  F igu re  20 where 
t h e  r a t i o  of the p a r t i a l  p r e s s u r e  ana lyze r  i o n  c u r r e n t  t o  t h e  i n d i -  
c a t e d  i o n  gauge p res su re  i s  p l o t t e d  a g a i n s t  mass of t h e  c a l i b r a t i n g  gas .  
A s  may be seen  from F i g u r e  20, t h e r e  i s  r e l a t i v e l y  l i t t l e  mass d i s -  
c r i m i n a t i o n  i n  t h e  ana lyzer  system; t h a t  i s ,  t h e  response  of t h e  ana lyze r  
t o  h i g h  mass s p e c i e s  i s  t h e  same ( w i t h i n  a f a c t o r  of 2) as t h e  response  
t o  t h e  low masses. Apparently some s m a l l  change i n  t h e  response  of 
t h e  ana lyze r  occurred between t h e  two c a l i b r a t i o n s .  
second c a l i b r a t i o n  are being used t o  c a l c u l a t e  t h e  p a r t i a l  p r e s s u r e  dur-  
i n g  t h e  Loop I1 tes ts .  
The d a t a  from t h e  
For a p a r t i c u l a r  r e s i d u a l  gas  i n  t h e  system, t h e  d a t a  of F i g u r e  20 
may be used d i r e c t l y  t o  o b t a i n  t h e  i n d i c a t e d  i o n  gauge p r e s s u r e .  I n  
o r d e r  t o  o b t a i n  the  tr6e p a r t i a l  p r e s s u r e ,  one must d i v i d e  t h e  i n d i -  
c a t e d  i o n  gauge p r e s s u r e  by t h e  re la t ive  response  of t h e  i o n  gauge. I n  
Table  VI11 are given t h e  v a r i o u s  f a c t o r s  necessa ry  t o  conver t  t h e  p a r t i a l  
p r e s s u r e  ana lyze r  i o n  c u r r e n t  t o  e i t h e r  i n d i c a t e d  p r e s s u r e  o r  t o  t h e  t r u e  
p re s su re .  These f a c t o r s  were used i n  c a l c u l a t i n g  t h e  i n d i c a t e d  and t r u e  
p r e s s u r e  l i s t e d  i n  Tab le  VII. 
F i g u r e  21 i s  a m a s s  spectrum of t h e  r e s i d u a l  gases  i n  t h e  vacuum 
system after 196 hours of loop ope ra t ion .  I n  examinat ion of t h i s  spec-  
trum, t h e  i o n  c u r r e n t  m u l t i p l i e r  s e t t i n g  should be c a r e f u l l y  noted. 
Thus, w h i l e  t h e  peak h e i g h t  a t  mass/charge r a t i o  (m/e) = 4 i s  g r e a t e r  
t h a n  t h a t  a t  m / e  = 2,  t h e  a c t u a l  i o n  c u r r e n t  a t  m / e  = 2 i s  n e a r l y  a 
f a c t o r  of 10 g r e a t e r  t han  t h a t  a t  m / e  = 4 .  S i m i l a r l y ,  t h e  peak m / e  
= 55 which a t  f i r s t  g lance  appears  t o  be a major peak,  i s  a c t u a l l y  com- 
p a r a b l e  t o  t h e  peak at  m / e  = 25. 
The gas  s p e c i e s  a s s o c i a t e d  w i t h  each of t h e  major peaks i n  t h i s  
spectrum, a long  wi th  t h e  t r u e  p r e s s u r e  c a l c u l a t e d  from t h e  d a t a  of 
Tab le  VIII, are shown i n  Tab le  I X .  
From t h e  d a t a  of Table  I X ,  i t  may be seen t h a t  H2 i s  t h e  most abun- 
dan t  r e s i d u a l  gas  a t  a p r e s s u r e  of 1.8 x 10-8 which i s  about  h a l f  t h e  
t o t a l  p re s su re .  
mass spectrum i s  apprec iab ly  less t h a n  t h e  i o n  gauge reading .  
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The presence  of hydrocarbons i n  t h e  system i s  evidenced by t h e  char -  
a c t e r i s t i c  grouping of peaks i n  c e r t a i n  m a s s  ranges.  
between masses 16 and 12  i s  due t o  i o n s  CH4+, CH3+,  CH2+, CH+, and C+. 
S i m i l a r l y ,  t h e  C2H6 group c o n t r i b u t e s  peaks between masses 30 and 24; 
t h e  C3H8 group between 44 and 36; t h e  C4H10 group between 58 and 48; 
t h e  C5H12 group between 72 and 60; t h e  C6H14 group between 86 and 72; 
t h e  C7H16 group between 100 and 84;  and t h e  CgH18 group between 114 
and 96. 
e n t  peaks up t o  about m/e=50. The o r i g i n  of t h e s e  hydrocarbon peaks 
has  no t  been determined,  but they probably  arise from h e a v i e r  molecules  
which are c r a c k e d i n  h igh  temperature  r e g i o n s  of t h e  loop,  o r  perhaps  
i n  t h e  ana lyze r  i t s e l f .  
The CH4 group 
i t  may be seen i n  F igure  21 t h a t  t h e  ana lyze r  r e s o l v e s  a d j a c -  
6. Pre-pro to type  Loop Design 
The major des ign  e f f o r t  on t h e  Pre-pro to type  Loop dur ing  t h e  p a s t  
q u a r t e r  h a s  been t h e  r e o r i e n t a t i o n  and r e p o s i t i o n i n g  of t h e  loop com- 
ponents  t o  accommodate a change i n  t h e  b o i l e r  l e n g t h  and condenser con- 
f i g u r a t i o n .  
t h e  r e -des ign  of  t h e  a d j u s t a b l e  r a d i a t i o n  s h i e l d s .  
A l t e r a t i o n  of t h e  condenser c o n f i g u r a t i o n  a l s o  n e c e s s i t a t e d  
The b o i l e r  l e n g t h  was increased  from 155 inches  t o  approximately 
200 i n c h e s  fo l lowing  an  a n a l y s i s  of t h e  b o i l e r  des ign  u s i n g  a computer 
program based on t h e  la tes t  300 Kw h e a t  t r a n s f e r  data6.  The new com- 
p u t e r  program i s  more conserva t ive  than  t h e  one p r e v i o u s l y  used and 
i s  based on l i m i t i n g  t h e  pe rmis s ib l e  h e a t  f l u x  f o r  n u c l e a t e  b o i l i n g .  
The major des ign  change during t h e  p a s t  q u a r t e r  w a s  t h e  replacement 
of t h e  h e l i c a l  t ube  r a d i a t i o n  t y p e  condenser w i t h  a f i n n e d  s t r a i g h t  
t u b e  r a d i a t i o n  condenser.  The re -des ign  was made t o  i n c r e a s e  t h e  en- 
t r a n c e  vapor  v e l o c i t y  t o  400 f e e t  p e r  second which i s  i n  t h e  range of 
i n t e r e s t  f o r  advanced space condensers. Longi tudina l  f i n s  were added 
t o  t h e  t u b e  t o  i n c r e a s e  t h e  hea t  r e j e c t i o n  and dec rease  t h e  r e q u i r e d  
condenser l e n g t h  t o  prevent  t h e  f r i c t i o n a l  p r e s s u r e  loss  from being 
e x c e s s i v e  a t  t h e  h ighe r  vapor v e l o c i t y .  
s i g n  f e a t u r e s  are given i n  Table X. 
of  t h e  Pre-pro to type  Loop w i t h  t h e  re -des igned  condenser i n  i t s  r e i a -  
t i v e  p o s i t i o n  and o r i e n t a t i o n  i n  r e s p e c t  t o  t h e  p r i n c i p a l  loop com- 
ponents .  
The f inned  t u b e  condenser de- 
F i g u r e  22 i s  an i s o m e t r i c  drawing 
Several combinations of  condenser t ube  and f i n  t h i c k n e s s  were con- 
s i d e r e d  du r ing  t h e  des ign  of t h e  Pre-pro to type  Loop. 
were conducted on t h r e e  of t h e  combinations,  and t h e  specimens are 
6 
Welding tes ts  
- - _ - _ - - - - - - - - L - - - _ - - - - - - - - - -  
-Metals Bo i l ing  and Condensing I n v e s t i g a t i o n ,  Q u a r t e r l y  
P rogres s  Report  #6, Covering t h e  Pe r iod  October 1, 1964 through 
December 31, 1964, NASA Contract  NAS 3-2528, May, 1964. 
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PRE-PROTOTYPE FINNED TUBE CONDENSER 
Condensing Temperature 
Heat Rejec t ion  Capaci ty  
Length 
Tube OD 
Tube Wall Thickness 
Number of Fins  
F i n  Geometry 
I n l e t  Vapor Ve loc i ty  
Potassium Flow Rate 








0.25-Inch Thick by 4-Inch Wide 
400 F e e t  P e r  Second 
40 Lbs/hr  





























Primary Fill and 
Primary E.M. Pump 
(Not Shown) 
Drain Line 
Figure  22. I sometr ic  of t h e  Pre-prototype Corrosion Test Loop. 
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shown i n  Figure 23. 
chosen. A c ross  s e c t i o n  through Specimen C i s  shown i n  F igure  24. The 
d i s t o r t i o n  r e s u l t i n g  from t h e  we.ldi.ng of t h e  v a r i o u s  combinations s t u d i e d  
are given i n  Table X I .  Minimum and maximum ID'S of t h e  0.394-inch and 
0.428-inchY respec t ive . ly ,  were found along a one-inch l eng th  of Speci-  
men C y  t h e  s e l e c t e d  configUrati .cn f o r  t h e  Pre-pro to type  Loop. 
Conf igura t ion  (c )  i n  t h i s  photograph was t h e  one 
I n  o rue r  t o  aecermLr,e t h e  r e q u i r t a  s u r f a c e  a r e a  IOL che condenser 
f i n ,  emi t tance  measurements were made on 0.017-inch shee t  specimens of  
Cb-1Zr having t h r e e  s u r f a c e  condi t ions .  The specimens were prepared 
a t  General  E l e c t r i c  and t h e  emit tance t es t s  were conducted by T.  G. 
K o l l i e  and D. L. McElroy of t h e  Oak R5dge Nat iona l  Laboratory i n  a 
5 x 10-7 t o r r  environment us ing  techniques which have been descr ibed  
i n  t h e  l i t e ra ture7 .  The e n i t t a n c e  of each specimen w a s  checked by 
c y c l i n g  twice  between 372O and 1 4 7 2 O F '  whi le  making t h e  measurements. 
The d e t a i l e d  r e s u l t s  w i l l  b e  covered i n  t h e  t c p i c a l  r e p o r t  on t h e  P r e -  
p ro to type  Loop. Photographs showing t h e  s u r f a c e s  of t h e  specimens and 
average emit tance va lues  obtained a t  two temperatures  a r e  given i n  
F igu re  25. Micrographs of c r o s s  s e c t i o n  views of t h e  p i ck led  and g r i t  
b l a s t e d  su r faces  are shown i.n F igure  26. These r e s u l t s  i n d i c a t e d  t h a t  
t h e  coa r se  mechanical deformati  1x1 achieved by t h e  dimpling t rea tment  
d i d  i n c r e a s e  the  emi t tance  of %he specimen. 
p r a c t i c a l  method of achiev ing  th i s  gross  roughening of t h e  s u r f a c e  i s  
t o  g r i t  b l a s t  with coa r se  alumina par t ic les  p r i o r  t o  g r i t  b l a s t i n g  wi th  
t h e  50-micron alumina. It  i s  planned t o  use  500-micron alumina f o r  t h e  
i n i t i a l  roughening of t h e  su r face .  
t o  y i e l d  emit tance va lues  of approximately 0.50 at 13500F. 
of g r i t  b l a s t i n g  with alumina on t h e  oxygen concen t r a t ion  of C b - 1 Z r  
specimens i s  discussed la ter  i n  t h i s  r e p o r t .  
A more e f f e c t i v e  and 
This  double t rea tment  i s  expected 
The e f f e c t  
I n  a d d i t i o n  t o  t h e  r e - d e s i g n  of t h e  condenser ,  t h e  a d j u s t a b l e  radia- 
t i o n  s h i e l d  was re-designed f o r  t h e  new condenser geometry. 
were a l s o  completed. The completed drawings of t h e  e n t i r e  loop assem- 
b l y  w i l l  be  i s sued  and submit ted t o  NASA f o r  approval  during t h e  next  
q u a r t e r  I 
The loop 
I support  s t r u c t u r e  and a number of d e t a i l  drawings of loop components 
- - - - - - - - - - - - - - . - - - - - - _ ^ _ _ _ _ _ _ _  
K o l l i e ,  T. G. and McElroy,  D. I,.> "The T o t a l  Hemispherical  E m i t -  
t ance  of Platinum, Columbium-1% Zirconium and Pol i shed  and 
Oxidized I N O R - 8  i n  t h e  Range looo t o  1200 C y "  Symposium on t h e  
Measurement of  Thermal Radia t ion  P r c p e r t i e s  of S o l i d s  , NASA-SP-31, 





















Figure 24. Micrograph of a 0.25-Inch Thick Cb-1Zr Fin TIG Welded I 
E 
to 0.670-Inch OD x 0.120-Inch Wall Cb-1Zr Tube. 
ID Distortion Noted is Presented in Table XI. 




DISTORTION RESULTS OBSERVED ON Cb-1Zr CONDENSER 




Tube Dimensions Tube Dimensions 
Before Welding, Inch f  
OD 7 0.445 Max; 0.225-0.227 
Specimen A ID - 0.219 ID 
Fin Thickness 
0 . 125 Min. 0.200-0.201 
OD - 0.374 Max. 0.268-0.273 
Specimen B ID - 0.248 ID 
Fin Thickness 
0.125 
Min. 0 . 194-0.197 
OD - 0.670 Max. 0.422-0.428 




* Maxitnum Variation in 4 Measurements Taken Along the ID 
of One-Inch Long of Weld Specimens. 
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P ick led  and 
G r i t  Blasted 
wi th  50-Mic- 
ron  A1203 
Pick led ,  D i m -  
p l ed  and G r i t  
Blasted wi th  
50-Micron 
A1203 








Figure  25. Surfaces of Cb-1Zr Emittance Specimens Tested t o  Deter- 
mine t h e  Required Surface Area of t h e  Pre-prototype LOOP 
Condenser Fin. (C640608 14) 
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(a) K3654 (b) K3652 
Figure  26. Micrograph of Surfaces  of Cb-1Zr Emittance Specimens. 
a) Before G r i t  B las t ing  
b) A f t e r  G r i t  B las t ing  wi th  50-Micron A1203 Particles 
As Polished Magnification: luuun 






7. Pre-prototype Loop F a b r i c a t i o n  
The machining of t h e  pr imary and secondary EM pump duc t s  cont inued 
during t h i s  r e p o r t  per iod .  
on t h e  Loop I1 EM pump duct ,  each o u t e r  duct  has  been s t r e s s - r e l i e v e d  
a t  1800°F f o r  one hour p r i o r  t o  t h e  f i n a l  honing ope ra t ions .  
t rea tment  was an added p recau t ion  t o  minimize r e s i d u a l  stress i n t r o -  
duced by machining opera t ions .  
August 31, 1964. 
I n  view of t h e  d i f f i c u l t i e s  :encountered. 
Th i s  
The scheduled completion d a t e  i s  
The b o i l e r  pro to type  which was formed from ha l f -ha rd  copper was 
rece ived  from t h e  forming vendor. 
c o i l s  i s  shown i n  F igu re  27. A dimensional i n s p e c t i o n  i n d i c a t e d  a 
maximum o u t e r  t u b e  e c c e n t r i c i t y  of p l u s  0 .050-inch and minus 0.080-inch 
from t h e  nominal 1.002-inch o u t s i d e  diameter.  Th i s  c o n d i t i o n  occurred 
a t  t h e  ends of t h e  c o i l  s e c t i o n .  The c o i l  i t s e l f  was a uniform p l u s  
0.030-inch, minus 0.037-inch from nominal. This  c o n d i t i o n  i s  considered 
accep tab le  f o r  t h e  design of t h e  Pre-pro to type  Loop b o i l e r .  
A radiograph of one of t h e  copper 
The degree o f  c o n c e n t r i c i t y  maintained between t h e  i n n e r  and t h e  
o u t e r  t u b e s  was determined r ad iog raph ica l ly .  The annular  spac ing ,  
nominally 0 ,208-inch v a r i e d  from a minimum 0.15-inch t o  a maximum 0.22- 
inch  i n  t h e  c o i l  p roper ,  which i s  considered acceptab le .  
t i o n  occurred a t  t h e  midpoint between spacers .  The bends a t  t h e  end of 
t h e  c o i l  produced s l i g h t l y  g r e a t e r  e c c e n t r i c i t y .  No a c c u r a t e  measure- 
ments could b e  obta ined ,  however, s i n c e  no spacers were l o c a t e d  on t h e  
f r e e  ends of t h e  bends. 
T h i s  condi- 
Th i s  b o i l e r  pro to type  was formed w i t h  sugar  packed i n t o  t h e  annular  
spacing and t h e  i n n e r  tube.  Af te r  t h e  above i n s p e c t i o n ,  t h e  sugar  w a s  
d i sso lved  by r i n s i n g  wi th  water. An o rgan ic  m i c r o - a n a l y t i c a l  t echnique  
w a s  used t o  permit  d e t e c t i o n  of sucrose  i n  t h e  wash water. 
of t h i s  t e s t  w i l l  b e  determined by examinat ion f o r  r e s i d u a l  sugar  a f t e r  
c u t t i n g  a p a r t  the  b o i l e r  pro to type .  T h i s  d e s t r u c t i v e  e v a l u a t i o n  w i l l  
b e  conducted after a second r ad iog raph ic  i n s p e c t i o n  i s  made t o  i n s u r e  
a n e g l i g i b l e  change i n  tube  c o n c e n t r i c i t y  as a r e s u l t  of sugar  removal. 
The v a l i d i t y  
The s i x  s lack  diaphragm p r e s s u r e  t r a n s d u c e r s  are now scheduled f o r  
NaK f i l l i n g  early i n  September .  A N a K  sampler of t h e  type  shown i n  a 
previous  r epor t8  was cons t ruc t ed  and shipped t o  Taylor  Instrument  Con- 
pany f o r  ob ta in ing  a N a K  specimen a t  t h e  t i m e  of f i l l i h g  t h e  Pre-pro-  
t o type  Loop s lack  diaphragm t r ansduce r s .  
Potassium Corrosion Test Loop Development, Q u a r t e r l y  Progress  
Report # 3 ,  f o r  Per iod  Ending A p r i l  15, 1964, NASA Cont rac t  NAS- 
8 
3-2547, NASA-CR-54091, p 22. 
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8. A l k a l i  Metal P u r i f i c a t i o n  and Handling Svstem f o r  the  Pre-prototyDe 
Loop 
The schematic diagram of t h e  potassium s i d e  of t h e  Pre-pro to type  
Loop was completed and the procedures  were w r i t t e n .  D e t a i l e d  drawings 
of  t h e  50-pound potassium h o t  t r a p ,  t h e  h igh  vacuum s t i l l ,  t h e  vacuum- 
argon system, and t h e  p o r t a b l e  d o l l y  f o r  t h e s e  components have been 
c m p L e L d .  TZc j+ ’ t ; r s s i tm  t r a n s f e r  system drawings are a l s o  completed 
but are c u r r e n t l y  being revised., The sodium p u r i f i c a t i o n  system used  
on Loop I1 w i l l  a l s o  be used t o  p repa re  sodium f o r  t h e  Pre-pro to type  
Loop primary c i r c u i t ,  bu t  t h e  t r a n s f e r  system w i l l  be s i m i l a r  i n  de- 
s i g n  t o  t h a t  which w i l l  be used f o r  t h e  secondary potassium c i r c u i t .  
Procurement procedures  have been i n i t i a t e d  t o  o b t a i n  t h e  p a r t s  
needed f o r  t h e  Pre-pro to type  Loop p u r i f i c a t i o n  and t r a n s f e r  system. 
9 .  Pre-prototype Loop T e s t  Chamber 
The 48-inch diameter  by 128-inch vacuum chamber f o r  t h e  Pre-pro-  
t o t y p e  Corrosion Loop s u c c e s s f u l l y  completed i t s  acceptance  tes t  dur-  
i n g  t h e  p a s t  qua r t e r .  It had been r e p o r t e d  t ha t  t h e  system f a i l e d  t o  
p a s s  i t s  acceptance t e s t  due t o  an a i r  leak which would develop i n  
t h e  2400 l i t e r  pe r  second i o n  pump dur ing  t h e  bakeout of  the system. 
The i o n  pump was shipped back t o  t h e  vendor f o r  r e p a i r s  and r e t u r n e d  
t o  General  E l e c t r i c .  
t h e  pump rece ived  some s l i g h t  damage t o  t h e  magnets and t h e i r  suppor t  
channels .  
d i d  n o t  appear t o  have a f f e c t e d  t h e  pump performance. The s p e c i f i c a -  
t i o n  t e s t  was completed under t h e  s u p e r v i s i o n  of t h e  vendor ’ s  f i e l d  
engineer .  The pump down of  t h e  system appeared normal and compared 
f a v o r a b l y  t o  t h e  vendor’s  performance cu rves  ob ta ined  du r ing  the  p r e -  
l imina ry  t e s t i n g ,  p r i o r  t o  shipment o f  t h e  system t o  General  E lec t r ic ,  
where t h e  p re s su re  of  7 .5  x t o r r  was reached u s i n g  the t i t a n i u m  
subl imat ion  pumps t o  ass is t  t h e  i o n  pump. The system reached 4 x 10-10 
t o r r  af ter  60 hours of  o p e r a t i o n  i n c l u d i n g  a 24-hour bakeout w i t h o u t  
t he  u s e  of the  t i t a n i u m  subl imat ion  pumps and the reby  exceed the  s p e c i -  
f i c a t i o n  requirement of 1 x 10-9 t o r r  i n  100 hour s  o r  less. 
During t r a n s i t  from the vendor t o  General  E l e c t r i c  
The pump was l e a k  checked and t e s t e d  and the damage c i t e d  
10. Refluxing Potassium Compa t ib i l i t y  Tests 
The machining of the t e s t  f a c i l i t y  f o r  the  r e f l u x  c a p s u l e  compati- 
b i l i t y  t es t  o f  t h e  Mo-TZM has  been completed and c o n s t r u c t i o n  has been 
i n i t i a t e d ,  
are  now ready f o r  c l ean ing  and f i l l i n g  w i t h  po tass ium p u r i f i e d  by d i s -  
t i l l i n g  and ho t  t r app ing .  
F a b r i c a t i o n  of  t h e  capsu le s  has been completed and t h e y  
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11. Material Procurement 
U l t r a s o n i c  i n s p e c t i o n  of the 12-foot  l e n g t h s  of Cb-1Zr a l l o y  tub ing  
procured f o r  t h e  tube - in - tube  b o i l e r  of  t h e  P re -p ro to type  Loop was com- 
p l e t e d .  Two of t h e  t h r e e  0.375-inch OD x 0,065-inch t h i c k  w a l l  t u b e s  
had s i n g l e  d e f e c t s  beyond the s p e c i f i e d  l i m i t ,  i .e .  , 3% of the w a l l  
t h i c k n e s s ,  and t h e  t h i r d  tube  was found t o  be d e f e c t  f r e e .  The d e f e c t s  
were l o c a t e d  on t h e  OD of t h e  tubes approximately 1 7  and 28 inchesfrom 
t h e  ends. Also,  a l l  of t h e  1.0- inch OD x 0.100-inch t h i c k  w a l l  t u b e s  
had one o r  more r e j e c t a b l e  d e f e c t s  near  t h e  ends of t h e  tubes .  A l -  
though t h e  . r e -des ign  of t h e  tube-in- tube b o i l e r  now r e q u i r e s  approxi -  
mate ly  200 inches  of t ub ing ,  there w i l l  be  s u f f i c i e n t  sound s t o c k  a f t e r  
removal of t h e  d e f e c t s  a t  t h e  ends of t h e  tub ing  t o  f a b r i c a t e  each com- 
ponent of t h e  duplex b o i l e r . w i t h  only  a s i n g l e  b u t t  weld. 
w i l l  be w e l l  removed from any c r i t i c a l  area. Q u a l i t y  a s su rance  t e s t -  
i n g  (chemical  ana lyses ,  room temperature  t e n s i l e  and 2000°F stress- 
r u p t u r e  t e s t i n g ,  and g r a i n  s i z e  de te rmina t ions)  i s  i n  p r o g r e s s  t o  es- 
t a b l i s h  t h e  f i n a l  a c c e p t a b i l i t y  o f  t h e  sound s e c t i o n  of t h e  tubing.  
T h i s  weld 
Continuing improvements i n  the des ign  of t h e  v a r i o u s  components 
of  t h e  P re -p ro to type  Loop has  r equ i r ed  a d d i t i o n a l  procurement of  re- 
f r a c t o r y  a l l o y  m i l l  p roducts .  Fo r ty -e igh t  i nches  of 1 .0- inch  d iameter  
Mo-TZM a l l o y  were ordered  f o r  t h e  f a b r i c a t i o n  of t h e  t u r b i n e  s imula to r  
b l ade  conf igu ra t ion .  This  w i l l  p rovide  s u f f i c i e n t  raw s t o c k  t o  p ro -  
duce t h e  r e q u i r e d  number of  b l a d e s  p l u s  s p a r e s  from a s i n g l e  h e a t  of  
material. Del ivery  of t h e  Mo-TZM bar  i s  expected by mid-July.  
The des ign  change from t h e  c o i l e d  r a d i a t i o n  type  condenser t o  t h e  
f i n n e d  s t r a i g h t  t u b e  condenser n e c e s s i t a t e d  procurement of Cb-1Zr a l l o y  
p i p e  and p l a t e .  T h i r t e e n  feet  o f  3/8- inch diameter  Schedule 80 (0.675- 
i n c h  OD x 0.126-inch t h i c k  w a l l )  p i p e  was ordered  w i t h  t h e  d e l i v e r y  
scheduled f o r  t h e  end of August. The f i n s  w i l l  be c o n s t r u c t e d  from 
2 p l a t e s  each 0.250 i n c h  t h i c k  x 5.0 inches  wide x 72 inches  long. 
De l ive ry  of  t h e s e  i t e m s  i s  expected e a r l y  i n  August. 
Partial d e l i v e r y  has  been made of t h e  0.032-inch t h i c k  C b - 1 Z r  a l l o y  
s h e e t  o rde red  f o r  t h e  f a b r i c a t i o n  of t h e  r a d i a t i o n  s h i e l d  assembly GE 
t h e  condenser /subcooler  of the Pre-pro to type  Loop. The remaining 
q u a n t i t y  w a s  shipped e a r l y  i n  Ju ly .  
12. Helium Analys is  System 
I n  o r d e r  t o  p r o p e r l y  eva lua te  t h e  p r e c i s i o n  and accuracy of t h e  
he l ium a n a l y s e s ,  a c y l i n d e r  of hel ium has  been ob ta ined  which c o n t a i n s  
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10 t o  20 ppm of 0 2 ,  H2, C O Y  and N2. I n  a d d i t i o n ,  a c y l i n d e r  of u l t r a -  
h i g h  p u r i t y  helium h a s  been ob ta ined  i n  which t h e s e  contaminants  are 
a t  levels w e l l  below 1 ppm. 
By examination of t h e  m a s s  s p e c t r a  ob ta ined  from t h e s e  gases ,  
several e f f ec t s  have been noted. I n  t h e  f i r s t  p l a c e ,  l o s s  of oxygen 
h a s  been observed and t h i s  e f f e c t  seems t o  be due e i t h e r  t o  a d s o r p t i o n  
on t h e  walls of t h e  system o r  r e a c t i o n  w i t h  elements  of t h e  system o r ,  
p o s s i b l y ,  r e a c t i o d w i t h  o t h e r  c o n s t i t u e n t s  of  t h e  gas .  T h i s  e f f e c t  
may be cons iderably  reduced by admission of oxygen i n t o  t h e  system a t  
a r e l a t i v e l y  high p r e s s u r e  be fo re  a n a l y s i s  of t h e  sample. 
The second observa t ion  i s  t h a t  when pure  hel ium i s  in t roduced  an  
a p p r e c i a b l e  i n c r e a s e  i n  t h e  background spectrum i s  observed,  e s p e c i a l l y  
f o r  hydrogen. This  e f f e c t  could be due t o  deso rp t ion  of gases  from t h e  
w a l l s  o f  t h e  system. 
S e v e r a l  changes i n  procedures  w i l l  b e  necessary  i n  o r d e r  t o  o b t a i n  
re l iab le  ana lyses  of t h e  helium. These are:  
1. C a l i b r a t i o n  of t h e  system a g a i n s t  gas  of known impur i ty  
c o n t e n t  r a t h e r  t h a n  a g a i n s t  t h e  system i o n  gauge. 
2. Obtain t h e  background spectrum from t h e  i n t r o d u c t i o n  of 
a sample of  pure  hel ium r a t h e r  t h a n  from t h e  r e s i d u a l  
gas  m a s s  spectrum. 
3.  P e r i o d i c  i n t r o d u c t i o n  of oxygen i n t o  t h e  s y s t e m .  
It appears  very doub t fu l  t h a t  r e l i a b l e  ana lyses  f o r  water can 
ever b e  o b t a i n e d w i t h  t h e  p r e s e n t  s y s t e m  due t o  i t s  v e r y  s t r o n g  ad- 
s o r p t i o n .  
Analyses of a number of c y l i n d e r s  of commercial g rade  hel ium have 
i n d i c a t e d  t h a t  t h e  a s - r ece ived  gas  i s  no t  of c o n s i s t e n t l y  h i g h  p u r i t y .  
Arrangements have now been made t o  o b t a i n  hel ium w i t h  a maximum analyzed 
impur i ty  con ten t  of 2 ppm 02 and 2 ppm H20. T h i s  gas  w i l l  be shipped 
i n  c y l i n d e r s  marked and r e se rved  f o r  e x c l u s i v e  u s e  on t h e  c o r r o s i o n  loop 
program. These s t eps  should a s s u r e  t h a t  t h e  a s - r e c e i v e d  hel ium w i l l  be 
of h igh  p u r i t y .  The p u r i f i c a t i o n  t r a i n  w i l l ,  of cour se ,  con t inue  t o  
b e  used t o  f u r t h e r  p u r i f y  t h e  gas  be fo re  admission t o  t h e  welding cham- 
ber .  T h i s  h igh -pur i ty  helium w i l l  b e  a v a i l a b l e  f o r  t h e  P re -p ro to type  
Loop f a b r i c a t i o n .  
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13. Leak Tests on Conoseal Tube Unions 
It i s  intended t o  u s e  Conoseal-k Tube Unions t o  make and break 
l i q u i d  m e t a l  and vacuum-argon l i n e s  i n  c e r t a i n  a p p l i c a t i o n s  such a s  
t h e  Pre-pro to type  Loop a l k a l i  m e t a l  p u r i f i c a t i o n ,  t r a n s f e r  and sampling 
systems. 
t o  prevent  contaminat ion o f  t h e  a l k a l i  metals. A number of t e s t s  have 
been performed i n  o rde r  t o  determine t h e  a i r  leakage through such seals 
dur ing  temperature  cyc l ing  and when gaske t s  are rep laced .  The tes ts  
were performed us ing  t h e  General E l e c t r i c  M-60 hel ium l eak  d e t e c t o r .  
The d e t e c t i o n  l i m i t  of t h e  l e a k  d e t e c t o r  a t  t h e  t i m e  of t h e  t es t s  w a s  
4.6 x 10-11 s t d .  cc  p e r  second of a i r .  
The leakage of a i r  through such seals must be  extremely low 
The procedure was as fol lows:  T I G  w e l d  t h e  Conoseal Union members 
t o  0 .5- inch OD x 0.035-inch w a l l  s t a i n l e s s  s teel  tubes .  P l ace  t h e  
gaske t  i n  t h e  union and t i g h t e n  t o  t h e  recommended torque. 
end w i t h  a SwagelokJcJc plug f i t t i n g  and connect  t h e  o t h e r  end t o  t h e  
l e a k  d e t e c t o r .  Measure t h e  l e a k  ra te  a t  room temperature.  
h e a t i n g  tapes t o  t h e  test  temperature  and remeasure t h e  l e a k  ra te .  
Repeat t h e  l eak  measurement during temperature  cyc l ing .  
of t h e  t e s t s  are given i n  T a b l e  XII. 
Close one 
Heat w i t h  
The r e s u l t s  
- 10 The maximum leak  r a t e  observed was 4.5 x 10 s t d .  cc  of a i r  p e r  
second. 
of oxygen p e r  second o r  about 3.8 micrograms of oxygen p e r  year.  
i s  a n e g l i g i b l e  ra te  s i n c e  i t  would t a k e  about  one thousand yea r s  t o  
contaminate  t e n  pounds of a l k a l i  metal  t o  a d e t e c t a b l e  l e v e l .  Pro- 
cedures  f o r  t h e  proper  use  of these f i t t i n g s  are given i n  S p e c i f i c a t i o n  
SPPS-53, " S t a i n l e s s  Steel Conoseal Tube Unions". 
Th i s  i s  equ iva len t  t o  a contaminat ion ra te  of 1 . 2  x 10-13 grams 
T h i s  
D e s p i t e  t h e s e  encouraging r e s u l t s ,  t h e  phi losophy of t h i s  program 
i s  t o  minimize t h e  use. of mechanical seals and t o  use  them only i n  t h e  
low temperature  ( <  500°F) handl ing sys t ems .  
14. E f f e c t  of G r i t  B l a s t i n g  w i t h  Alumina on t h e  Oxygen Concent ra t ion  
of C b - 1 Z r  
Metal lographic  examination and chemical ana lyses  of Loop I t e s t  
components have i n d i c a t e d  t h a t  Cb-1Zr s u r f a c e s  which have been g r i t  
* Marmon Divis ion ,  Aeroquip Corporat ion 
*Jc Crawford F i t t i n g  Company 
-63- 
TABLE XIX 
RESULTS OF THERMAL CYCLING LEAK T E S T S  ON CONOSEALJC TUBE UNIONS 
T e s t  
No .  - 
T e m p e r a t u r e  Leak R a t e  x 10'
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3 . 2  
3 .6  
4 .1  
2.7 
3 , 2  
1.4 
New G a s k e t  
New G a s k e t  
B a g g e d  and H e  A d d e d  
* Marrnon D i v i s i o n ,  A e r o q u i p  C o r p o r a t i o n  
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blas ted*  w i t h  alumina (A1203) i n  accordance t o  s p e c i f i c a t i o n  SPPS-12, 
" G r i t  B l a s t i n g  Columbium and Columbium Alloy Products" , c o n t a i n  p a r t i -  
c l e s  of embedded alumina. S ince  i t  w i l l  be  of i n t e r e s t  t o  determine 
t h e  i n t e r s t i t i a l  ( p a r t i c u l a r i l y  oxygen) concen t r a t ion  g r a d i e n t  i n  
loop components, a test was conducted t o  determine t h e  e x t e n t  of oxy- 
gen i n c r e a s e  t h a t  r e s u l t s  from g r i t  b l a s t i n g  w i t h  alumina powder. 
A Cb-1Zr d i s c ,  0.0175-inch t h i c k  by 0.3125-inch d i a m e t e r  was g r i t  
b l a s t e d  on one s i d e  f o r  about 20 seconds a t  which t i m e  t h e  v i s u a l  
appearance of t h e  specimen ceased t o  change. Af t e r  g r i t  b l a s t i n g ,  the 
specimen was washed i n  water and r i n s e d  i n  e t h y l  a lcohol .  
concen t r a t ion  of t h e  specimen before  g r i t  b l a s t i n g  was 174 ppm and 
1016 ppm a f t e rwards ,  i n d i c a t i n g  a n e t  i n c r e a s e  of 842 ppm. This  would 
r e s u l t  i n  an apparent  oxygen inc rease  of 234 ppm i n  a 0.065-inch t h i c k  
tube  w a l l .  
The oxygen 
Chemical ana lyses  of va r ious  zones of t h e  tube  w a l l  and micro- 
hardness  t r a v e r s e s  of t h e  tube  wal l  of Loop I i n d i c a t e  t h a t  no s i g n i -  
f i c a n t  d i f f u s i o n  of oxygen i n t o  t h e  tube  w a l l  occurred as a r e s u l t  of 
r e s i d u a l  alumina p a r t i c l e s  from t h e  g r i t  b l a s t i n g  ope ra t ion .  Many of 
t h e  alumina p a r t i c l e s  are embedded i n  t h e  s u r f a c e  dur ing  g r i t  b l a s t i n g  
and t h e  t r i a n g u l a r  par t ic le  evident  near  t h e  s u r f a c e  i n  t h e  micrograph 
shown i n  F igu re  26B i s  t y p i c a l .  The s e c t i o n s  examined operated a t  
2000OF f o r  1,000 hours.  
I n  t h e  f u t u r e  g r i t  b l a s t i n g  wi th  alumina w i l l  n o t  be performed on 
areas where oxygen ana lyses  w i l l  be  r equ i r ed  o r  on s u r f a c e s  which w i l l  
be  opera ted  i n  excess  of 1800°F. 
J; The g r i t  b l a s t i n g  t reatment  i s  r equ i r ed  t o  i n c r e a s e  t h e  emi t tance  
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I11 FUTURE WORK 
Opera t ion  of Loop 11 w i l l  be cont inued  and approximately 2,000 
hours  of  t h e  2,500 hour test w i l l  be completed. 
The completed drawings of t h e  e n t i r e  P re -p ro to type  Loop assembly 
w i l l  be i s sued  and submit ted t o  NASA f o r  approval  du r ing  t h e  
next  q u a r t e r .  
I 
I n s t a l l a t i o n  of t h e  a u x i l i a r y  o p e r a t i o n  and c o n t r o l  equipment 
f o r  the Pre-prototype Loop and tes t  chamber w i l l  be completed. 
Design of p u r i f i k a t i o n ,  t r a n s f e r  and sampling systems f o r  the 
sodium and potassium t o  be used i n  the pr imary and secondary 
c i r c u i t s ,  r e g p e c t i v e l y ,  of t h e  Pre-pro to type  Loop w i l l  be com- 
p l e t e d .  Procurement of components and i n i t i a t i o n  of f a b r i c a -  
t i o n  w i l l  also begin.  
S i x  slack diaphragm p r e s s u r e  t r a n s d u c e r s  w i l l  be f i l l e d  w i t h  
h i g h - p u r i t y  NaK by t h e  vendor. 
Machining procedures  r e q u i r e d  f o r  t h e  manufacture of t h e  P r e -  
p r o t o t y p e  loop " t u r b i n e '  s imu la to r  will be s t a b x i s h e d  'and ' f a b f i -  
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